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Z8500 

Universal Peripherals 



SGS' Universal Peripheral Components 
Family is more than a group of simple I/O 
circuits — they are intelligent, fully 
programmable devices capable of performing 
complicated tasks independently. 
Their capabilities unburden the master CPU, 
reduce bus traffic, increase system 
throughput, and greatly simplify overall 
system hardware design reguirements. 

Z8500 series Universal Peripheral 
components are capable of interfacing with 
conventional non-multiplexed buses. All of 
them are extensively programmable to permit 
each to be tailored to its own applications. 
Also available is a series of functionally 
similar devices, identified by the number 
Z80xx, which interface with the Z-BUS^M or 
both the Z-BUS and conventional multiplexed 
buses. 

Data communications problems are neatly 
handled by the Z8530 SCC Serial 
Communications Controller. This device is a 
serial, dual-channel, multi-protocol controller 
which supports all popular communications 
formats. The SCC support virtually all serial 
data transfer applications. 

Counting, timing, and parallel I/O transfer 
problems are easily solved using the 
Z8536 CIO Counter/Timer and I/O Unit. 
This components has three 16-bit 



counter/timers, three I/O ports, and can 
double as a programmable priority-interrupt 
controller. 

Interface problems with the 
interconnections of major components within 
an asynchronous, parallel processor system 
can be solved using the SCC Z8538 FIO 
FIFO I/O Interface Unit. This general- 
purpose interface unit provides expandable, 
bidirectional buffering between asynchronous 
CPUs in a parallel processing network, or 
between a CPU and peripheral circuits 
and/or devices. The FIO can be used with 
system having either multiplexed or 
nonmultiplexed buses. 

General-purpose control and data 
manipulation problems are easily handled by 
the Z8590 UCP Universal Peripheral 
Controller. The UPC is a complete 
microcomputer designed for offline 
applications. This microcomputer executes 
the same friendly capable instruction set as 
SGS' ZS^M microcomputer; it has three I/O 
ports, six levels of priority-interrupt, and 2K 
bytes of memory on chip. The UPC is 
intended for applications that reguire an 
intelligent peripheral controller which can 
assume many of the tasks normally required 
of the master CPU. 
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Features 

■ Two independent, to IM bit/second, full- 
. duplex channels, each with a separate 

crystal oscillator, baud rate generator, and 
Digital Phase- Locked Loop for clock 
recovery. 

■ Multi-protocol operation under program 
control; programmable for NRZ, NRZI, or 
FM data encoding. 

■ Asynchronous mode with five to eight bits 
and one, one and one-half, or two stop bits 
per character; programmable clock factor; 
break detection and generation; j^arity, 
overrun, and framing error detection. 



Synchronous mode with internal or external 
character synchronization on one or two 
synchronous characters and CRC genera- 
tion and checking with CRC- 16 or 
CRC-CCITT preset to either Is or Os. 

SDLC/HDLC mode with comprehensive 
frame-level control, automatic zero insertion 
and deletion, I-field residue handling, abort 
generation and detection, CRC generation 
and checking, and SDLC Loop mode 
operation. 

Local Loopback and Auto Echo modes. 



General Description 

The Z8530 SCC Serial Communications 
Controller is a dual-channel, multi-protocol 
data communications peripheral designed for 
use with conventional non-multiplexed buses. 
The SCC functions as a serial-to-parallel, 
parallel-to-serial converter/controller. The 
SCC can be software-configured to satisfy a 



wide variety of serial communications applica- 
tions. The device contains a variety of new, 
sophisticated internal functions including 
on-chip baud rate generators. Digital Phase- 
Locked Loops, and crystal oscillators that 
dramatically reduce the need for external 
logic. 
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General Description (Continued) 

The sec handles asynchronous formats, 
Synchronous byte-oriented protocols such as 
IBM Bisync, and Synchronous bit-oriented pro- 
tocols such as HDLC and IBM SDLC. This ver- 
satile device supports virtually any serial data 
transfer application (cassette, diskette, tape 
drives, etc.). 

The device can generate and check CRC 
codes in any Synchronous mode and can be 
programmed to check data integrity in various 
modes. The SCC also has facilities for 



modem controls in both channels. In appli- 
cations where these controls are not needed, 
the modem controls can be used for 
general-purpose I/O. 

The Z-BUS daisy-chain interrupt hierarchy is 
also supported — as is standard for SGS 
peripheral components. 

The Z8530 SCC is packaged in a 40-pin 
ceramic DIP and uses a single -I- 5 V power 
supply. 



Pin Description 

The following section describes the pin 
functions of the SCC. Figures 1 and 2 detail 
the respective pin functions and pin 
assignments. 

A/B. Channel A/Channel B Select (input). 
This signal selects the channel in which the 
read or write operation occurs. 

CE. Chip Enable (input, active Low). This 
signal selects the SCC for a read or write 
operation. 

CTSA, CTSB. Clear To Send (inputs, active 
Low). If these pins are programmed as Auto 
Enables, a Low on the inputs enables the 
respective transmitters. If not programmed as 
Auto Enables, they may be used as general- 
purpose inputs. Both inputs are Schmitt-trigger 
buffered to accommodate slow rise-time inputs. 
The SCC detects pulses on these inputs and 
can interrupt the CPU on both logic level 
transitions. 

D/C. Data/Control Select (input). This signal 
defines the type of information transferred to 
or from the SCC. A High means data is 
transferred; a Low indicates a command. 



DCDA, DCDB. Data Carrier Detect (inputs, 
active Low). These pins function as receiver 
enables if they are programmed for Auto 
Enables; otherwise they may be used as 
general-purpose input pins. Both pins are 
Schmitt-trigger buffered to accomodate slow 
rise-time signals. The SCC detects pulses on 



these pins and can interrupt the CPU on both 
logic level transitions. 

D0-D7. Data Bus (bidirectional, 3-state). These 
lines carry data and commands to and from 
the SCC. 



DTR/REQA, DTR/REQB. Data Terminal 
Heady/Request (outputs, active Low). These 
outputs follow the state programmed into the 
DTK bit. They can also be used as general- 
purpose outputs or as Reguest lines for a DMA 
controller. 

lEI. Interrupt Enable In (input, active High). 
lEI is used with lEO to form an interrupt daisy 
chain when there is more than one interrupt- 
driven device. A High lEI indicates that no 
other higher priority device has an interrupt 
under service or is reguesting an interrupt. 

lEO. Interrupt Enable Out (output, active 
High). lEO is High only if lEI is High and the 
CPU is not servicing an SCC interrupt or the 
SCC is not requesting an interrupt (Interrupt 
Acknowledge cycle only) . lEO is connected to 
the next lower priority device's lEI input and 
thus inhibits interrupts from lower priority 
devices. 

INT. Interrupt Bequest (output, open-drain, 
active Low). This signal is activated when the 
SCC requests an interrupt. 



INTACK. Interrupt Acknowledge {input, active 
Low). This signal indicates an active Interrupt 
Acknowledge cycle. During this cycle, the 
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Pin Description (Continued) 

sec interrupt daisy chain settles. When RD 
becomes active, the SCC places an interrupt 
vector on the data bus (if lEI is High). 
INTACK is latched by the rising edge of PCLK. 
PCLK. Clock (input). This is the master SCC 
clock used to synchronize internal signals 
PCLK is a TTL level signal. 

RD. Bead (input, active Low). This signal indi- 
cates a read operation and when the SCC is 
selected, enables the SCC's bus drivers. Dur- 
ing the Interrupt Acknowledge cycle, this 
signal gates the interrupt vector onto the bus 
if the SCC is the highest priority device 
requesting an interrupt. 

RxDA, RxDB. Receive Data (inputs, active 
High). These input signals receive serial data 
at standard TTL levels. 



RTxCA, RTxCB. Receive/ Transmit Clocks 
(inputs, active Low). These pins can be pro- 
grammed in several di fferent modes of opera- 
tion. In each channel, RTxC may supply the 
receive clock, the transmit clock, the clock for 
the baud rate generator, or the clock for the 
Digital Phase- Locked Loop. These pins can 
also be pro grammed for use with the respec- 
tive SYNC pins as a crystal oscillator. The 
receive clock may be 1, 16, 32, or 64 times the 
data rate in Asynchronous modes. 



RTSA, RTSB. Request To Send (outputs, 
active Low). When the Request To Send (RTS) 
bit i n Write Register 5 (Figure 11) is set, the 
RTS signal goes Low. When the RTS bit is 
reset in the Asynchronous mode and Auto 
Enable is on, the signal goes High after the 
transmitter is empty. In Synchronous mode or 
in Asynchronous mode with Auto Enable off, 
the RTS pin strictly follows the state of the RTS 
bit. Both pins can be used as general-purpose 
outputs. 

SYNCA, SYNCH. Synchronization (inputs or 
outputs, active Low). These pins can act either 
as inputs, outputs, or part of the crystal 
oscillator circuit. In the Asynchronous Receive 
mode (crystal oscillator option not s elect ed), 
these pins are inputs similar to CTS and DCD. 
In this mode, transitions on these lines affect 



the state of the Synchronous/Hunt status bits in 
Read Register (Figure 10) but have no other 
function. 

In External Synchronization mode with the 
crystal oscillator not selecte d, thes e lines also 
act as inputs. In this mode, SYNC must be 
driven Low two receive clock cycles after the 
last bit in the synchronous character is 
received. Character assembly begins on the 
rising edge of the receive c lock im mediately 
preceding the activation of SYNC. 

In the Internal Synchronization mode 
(Monosync and Bisync) with the crystal 
oscillator not selected, these pins act as out- 
puts and are active only during the part of the 
receive clock cycle in which synchronous 
characters are recognized. The synchronous 
condition is not latched, so these outputs are 
active each time a synchronization pattern is 
recognized (regardless of character bound- 
aries). In SDLC mode, these pins act as 
outputs and are valid on receipt of a flag. 

TxDA, TxDB. Transmit Data (outputs, active 
High). These output signals transmit serial data 
at standard TTL levels. 

TRxCA, TRxCB. Transmit/Receive Clocks 
(inputs or outputs, active Low). These pins can 
be programmed in several different modes of 
operation. TRxC may supply the receive clock 
or the transmit clock in the input mode or sup- 
ply the output of the Digital Phase-Locked 
Loop, the crystal oscillator, the baud rate 
generator, or the transmit clock in the output 
mode. 

WR. Write (input, active Low). When the SCC 
is selected, this signal indicates_a write 
operation. The coincidence of RD and WR is 
interpreted as a reset. 



W/REQA, W/REQB. Wait/Request (outputs, 
open-drain when programmed for a Wait func- 
tion, driven High or Low when programmed 
for a Request function). These dual-purpose 
outputs may be programmed as Request lines 
for a DMA controller or as Wait lines to syn- 
chronize the CPU to the SCC data rate. The 
reset state is Wait. 
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Functional Description 

The functional capabilities of the SCC 
can be described from two different points 
of view: as a data communications device, 
it transmits and receives data in a wide 
variety of data communications protocols; as a 
microprocessor peripheral, the SCC offers 
valuable features such as vectored interrupts, 
polling, and simple handshake capability. 

Data Communications Capabilities. The 

SCC provides two independent full-duplex 
channels programmable for use in any com- 
mon Asynchronous or Synchronous data- 
communication protocol. Figure 3 and the 
following description briefly detail these 
protocols. 

Asynchronous Modes. Transmission and 
reception can be accomplished independently 
on each channel with five to eight bits per 
character, plus optional even or odd parity. 
The transmitters can supply one, one-and-a- 
half, or two stop bits per character and can 
provide a break output at any time. The 
receiver break-detection logic interrupts the 
CPU both at the start and at the end of a 
received break. Reception is protected from 
spikes by a transient spike-rejection 
mechanism that checks the signal one-half a 
bit time after a Low level is detected on the 



receive data input (RxDA or RxDB in 
Figure 1). If the Low does not persist (as in the 
case of a transient), the character assembly 
process does not start. 

Framing errors and overrun errors are 
detected and buffered together with the partial 
character on which they occur. Vectored inter- 
rupts allow fast servicing or error conditions 
using dedicated routines. Furthermore, a 
built-in checking process avoids the interpreta- 
tion of a framing error as a new start bit: a 
framing error results in the addition of one-half 
a bit time to the point at which the search for 
the next start bit begins. 

The SCC does not reguire symmetric 
transmit and receive clock signals — a feature 
allowing use of the wide variety of clock 
sources. The transmitter and receiver can 
handle data at a rate of 1, 1/16, 1/32, or 1/64 
of the clock rate supplied to the receive and 
tra nsmit c lock inputs. In Asynchronous modes, 
the SYNC pin may be programmed as an input 
used for functions such as monitoring a ring 
indicator. 

Synchronous Modes. The SCC supports both 
byte-oriented and bit-oriented synchronous 
communication. Synchronous byte-oriented 
protocols can be handled in several modes, 
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Figure 3. Some SCC Protocols 



Functional Description (Continued) 

allowing character synchronization with a 6-bit 
or 8-bit synchronous character (Monosync), 
any 12-bit synchronization pattern (Bisync), or 
with an external synchronous signal. Leading 
sync characters can be removed without inter- 
rupting the CPU. 

Five- or 7-bit synchronous characters are 
detected with 8- or 16-bit patterns in the SCC 
by overlapping the larger pattern across multi- 
ple incoming synchronous characters as shown 
in Figure 4. 

CRC checking for Synchronous byte- 
oriented modes is delayed by one character 
time so that the CPU may disable CRC check- 
ing on specific characters. This permits the 
implementation of protocols such as 
IBM Bisync. 

Both CRC- 16 (X16 + X15 + X2 -f 1) and 
CCITT (X16 -h X12 + X5 -H 1) error checking 
polynomials are supported. Either polynomial 
may be selected in all Synchronous modes. 
Users may preset the CRC generator and 
checker to all Is or all Os. The SCC also pro- 
vides a feature that automatically transmits 
CRC data when no other data is available for 
transmission. This allows for high speed 
transmissions under DMA control, with no 
need for CPU intervention at the end of a 
message. When there is no data or CRC to 
send in Synchronous modes, the transmitter 
inserts 6-, 8-, or 16-bit synchronous 
characters, regardless of the programmed 
character length. 

The SCC supports Synchronous bit-oriented 
protocols, such as SDLC and HDLC, by per- 
forming automatic flag sending, zero insertion, 
and CRC generation. A special command can 
be used to abort a frame in transmission. At 
the end of a message, the SCC automatically 
transmits the CRC and trailing flag when the 
transmitter underruns. The transmitter may 



also be programmed to send an idle line con- 
sisting of continuous flag characters or a 
steady marking condition. 

If a transmit underrun occurs in the middle 
of a message, an external/status interrupt 
warns the CPU of this status change so that an 
abort may be issued. The SCC may also be 
programmed to send an abort itself in case of 
an underrun, relieving the CPU of this task. 
One to eight bits per character can be sent, 
allowing reception of a message with no prior 
information about the character structure in 
the information field of a frame. 

The receiver automatically acguires syn- 
chronization on the leading flag of a frame in 
SDLC or HDLC a nd pro vides a synchroniza- 
tion signal on the SYNC pin (an interrupt can 
also be programmed). The receiver can be 
programmed to search for frames addressed by 
a single byte (or four bits within a byte) of a 
user-selected address or to a global broadcast 
address. In this mode, frames not matching 
either the user-selected or broadcast address 
are ignored. The number of address bytes can 
be extended under software control. For 
receiving data, an interrupt on the first 
received character, or an interrupt on every 
character, or on special condition only (end- 
of -frame) can be selected. The receiver 
automatically deletes all Os inserted by the 
transmitter during character assembly. CRC is 
also calculated and is automatically checked to 
validate frame transmission. At the end of 
transmission, the status of a received frame is 
available in the status registers. In SDLC 
mode, the SCC must be programmed to use 
the SDLC CRC polynomial, but the generator 
and checker may be preset to all Is or all Os. 
The CRC is inverted before transmission and 
the receiver checks against the bit pattern 
OOOIl 10100001 111. 



Figure 4. Detecting 5 - or 7 - Bit Synchronous Characters 
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Functional Description (Continued) 

NRZ, NRZI or FM coding may be used in any 
Ix mode. The parity options available in Asyn- 
chronous modes are available in Synchronous 
modes . 

The sec can be conveniently used under 
DMA control to provide high speed reception 
or transmission. In reception, for example, the 
sec can interrupt the CPU when the first 
character of a message is received. The CPU 
then enables the DMA to transfer the message 
to memory. The SCC then issues an end-of- 
frame interrupt and the CPU can check the 
status of the received message. Thus, the CPU 
is freed for other service while the message is 
being received. The CPU may also enable the 
DMA first and have the SCC interrupt only on 
end-of-frame. This procedure allows all data to 
be transferred via the DMA. 

SDLC Loop Mode. The SCC supports SDLC 
Loop mode in addition to normal SDLC. In an 
SDLC Loop, there is a primary controller 
station that manages the message traffic flow 
on the loop and any number of secondary 
stations. In SDLC Loop mode, the SCC per- 
forms the functions of a secondary station 
while an SCC operating in regular SDLC 
mode can act as a controller (Figure 5). 

A secondary station in an SDLC Loop is 
always listening to the messages being sent 
around the loop, and in fact must pass these 
messages to the rest of the loop by retrans- 
mitting them with a one-bit-time delay. The 
secondary station can place its own message 




Figure 5. An SDLC Loop 



on the loop only at specific times. The con- 
troller signals that secondary stations may 
transmit messages by sending a special 
character, called an EOP (End Of Poll), 
around the loop. The EOP character is the bit 
pattern 11111110. Because of zero insertion 
during messages, this bit pattern is unigue and 
easily recognized. 

When a secondary station has a message to 
transmit and recognizes an EOP on the line, it 
changes the last binary 1 of the EOP to a 
before transmission. This has the effect of turn- 
ing the EOP into a flag seguence. The secon- 
dary station now places its message on the loop 
and terminates the message with an EOP. Any 
secondary stations further down the loop with 
messages to transmit can then append their 
messages to the message of the first secondary 
station by the same process. Any secondary 
stations without messages to send merely echo 
the incoming messages and are prohibited 
from placing messages on the loop (except 
upon recognizing an EOP). 

SDLC Loop mode is a programmable option 
in the SCC. NRZ, NRZI, and FM coding may 
all be used in SDLC Loop mode. 

Baud Rate Generator. Each channel in the 
SCC contains a programmable baud rate 
generator. Each generator consists of two 8-bit 
time constant registers that form a 16-bit time 
constant, a 16-bit down counter, and a flip-flop 
on the output producing a sguare wave. On 
startup, the flip-flop on the output is set in a 
High state, the value in the time constant 
register is loaded into the counter, and the 
counter starts counting down. The output of 
the baud rate generator toggles upon reaching 
0, the value in the time constant register is 
loaded into the counter, and the process is 
repeated. The time constant may be changed 
at any time, but the new value does not take 
effect until the next load of the counter. 

The output of the baud rate generator may 
be used as either the transmit clock, the 
receive clock, or both. It can also drive the 
Digital Phase-Locked Loop (see next section). 

If the receive clock or trans mit clo ck is not 
programmed to come from the TRxC pin, the 




Functional Description (Continued) 

output of the baud rate g enerator may be 
echoed out via the TRxC pin. 

The following formula relates the time con- 
stant to the baud rate (the baud rate is in 
bits/second and the BR clock period is in 
seconds): 



baud rate 



1 



2 (time constant + 2) x (BR clock period) 



Digital Phase-Locked Loop. The SCC con- 
tains a Digital Phase- Locked-Loop (DPLL) to 
recover clock information from a data stream 
with NRZI or FM encoding. The DPLL is driven 
by a clock that is nominally 32 (NRZI) or 16 
(FM) times the data rate. The DPLL uses this 
clock, along with the data stream, to construct 
a clock for the data. This clock may then be 
used as the SCC receive clock, the transmit 
clock, or both. 

For NRZI encoding, the DPLL counts the 32x 
clock to create nominal bit times. As the 32x 
clock is counted, the DPLL is searching the 
incoming data stream for edges (either I to 
or to 1). Whenever an edge is detected, the 
DPLL makes a count adjustment (during the 
next counting cycle), producing a terminal 
count closer to the center of the bit cell. 

For FM encoding, the DPLL still counts from 
to 31, but with a cycle corresponding to two 
bit times. When the DPLL islocked, the clock 



edges in the data stream should occur between 
counts 15 and 16 and between counts 31 and 
0. The DPLL looks for edges only during a 
time centered on the 15 to 16 counting 
transition. 

The 32x clock for the DPLL can be pr o- 
grammed to come from either the RTxC input 
or the output of the baud rate generator. The 
DPLL output may be program med t o be 
echoed out of the SCC via the TRxC pin (if 
this pin is not being used as an input). 

Data Encoding. The SCC may be pro- 
grammed to encode and decode the serial data 
in four different ways (Figure 6). In NRZ 
encoding, a 1 is represented by a High level 
and a is represented by a Low level. In NRZI 
encoding, a 1 is represented by no change in 
level and a is represented by a change in 
level. In FMl (more properly, bi-phase mark), 
a transition occurs at the beginning of every 
bit cell. A 1 is represented by an additional 
transition at the center of the bit cell and a is 
represented by no additional transition at the 
center of the bit cell. In FMO (bi-phase space), 
a transition occurs at the beginning of every 
bit cell. A is represented by an additional 
transition at the center of the bit cell, and a 1 
is represented by no additional transition at 
the center of the bit cell. In addition to these 
four methods, the SCC can be used to decode 
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Figure 6. Data Encoding Methods 
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Functional Description (Continued) 

Manchester (bi-phase level) data by using the 
DPLL in the FM mode and programming the 
receiver for NRZ data. Manchester encoding 
always produces a transition at the center of 
the bit cell. If the transition is to 1, the bit is 
a 0. If the transition is 1 to 0, the bit is a 1. 
Auto Echo and Local Loopback. The SCO is 
capable of automatically echoing everything it 
receives. This feature is useful mainly in 
Asynchronous modes, but works in Syn- 
chronous and SDLC modes as well. In Auto 
Echo mode, TxD is RxD. Auto Echo mode can 
be used with NRZI or FM encoding with no 
additional delay, because the data stream is 
not decoded bef ore r etransmission. In Auto 
Echo mode, the CTS input is ignored as a 
transmitter enable (although transitions on this 
input can still cause interrupts if programmed 
to do so). In this mode, the transmitter is 
actually bypassed and the programmer is 
resp onsible for disabl ing transmitter interrupts 
and WAIT/REQUEST on transmit. 

The sec is also capable of local loopback. 
In this mode TxD is RxD, just as in Auto Echo 
mode. However, in Local Loopback mode, the 
internal transmit data is tied to the internal 
receive data and RxD is i gnore d (e xcept to be 
echoed out via TxD). The CTS and DCD 
inputs are also ignored as transmit and receive 
enables. However, transitions on these inputs 
can still cause interrupts. Local Loopback 
works in Asynchronous, Synchronous and 
SDLC modes with NRZ, NRZI or FM coding of 
the data stream. 

I/O Interface Capabilities. The SCC offers 
the choice of Polling, Interrupt (vectored or 
nonvectored) , and Block Transfer modes to 
transfer data, status, and control information to 
and from the CPU. The Block Transfer mode 
can be implemented under CPU or DMA 
control. 

Polling. All interrupts are disabled. Three 
status registers in the SCC are automatically 
updated whenever any function is performed. 
For example, end-of-frame in SDLC mode 
sets a bit in one of these status registers. The 
idea behind polling is for the CPU to 
periodically read a status register until the 



register contents indicate the need for data to 
be transferred. Only one register needs to be 
read; depending on its contents, the CPU 
either writes data, reads data, or continues. 
Two bits in the register indicate the need for 
data transfer. An alternative is a poll of the 
Interrupt Pending register to determine the 
source of an interrupt. The status for both 
channels resides in one register. 

Interrupts. When an SCC res ponds to a n 
Interrupt Acknowledge signal (INTACK) from 
the CPU, an interrupt vector may be placed on 
the data bus. This vector is written in WR2 and 
may be read in RR2A or RR2B (Figures 10 
and 11). 

To speed interrupt response time, the SCC 
can modify three bits in this vector to indicate 
status. If the vector is read in Channel A, 
status is never included; if it is read in 
Channel B, status is always included. 

Each of the six sources of interrupts in the 
SCC (Transmit, Receive, and External/Status 
interrupts in both channels) has three bits 
associated with the interrupt source: Interrupt 
Pending (IP), Interrupt Under Service (lUS), 
and Interrupt Enable (IE). Operation of the IE 
bit is straightforward. If the IE bit is set for a 
given interrupt source, then that source can 
request interrupts. The exception is when the 
MIE (Master Interrupt Enable) bit in WR9 is 
reset and no interrupts may be requested. The 
IE bits are write only. 

The other two bits are related to the inter- 
rupt priority chain (Figure 7). As a 
microprocessor peripheral, the SCC may 
request an interrupt only when no higher 
priority device is requesting one, e.g., when 
lEI is High. If the device i n qu estion requests 
an interrupt, i t pulls do wn INT. The CPU then 
responds with INTACK, and the interrupting 
device places the vector on the data bus. 

In the SCC, the IP bit signals a need for 
interrupt servicing. Whe n an IP bit is 1 and 
the lEI input is High, the INT output is pulled 
Low, requesting an interrupt. In the SCC, if 
the IE bit is not set by enabling interrupts, 
then the IP for that source can never be set. 
The IP bits are readable in RR3A. 
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Functional Description (Continued) 



PERIPHERAL 

lEI D0-D7 INT INTACK lEO 



PERIPHERAL 

lEI D0-D7 INT INTACK lEO 



1<*V 



T. 



PERIPHERAL 

lEI D0-D7 INt INTACK 



■?^ 



Figure 7. Interrupt Schedule 



The lUS bits signal that an interrupt request 
is being serviced. If an lUS is set, all interrupt 
sources of lower priority in the SCC and 
external to the SCC are prevented from 
requesting interrupts. The internal interrupt 
sources are inhibited by the state of the inter- 
nal daisy chain, while lower priority devices 
are inhibited by the lEO output of the SCC 
being pulled Low and propagated to subse- 
quent peripherals. An lUS bit is set during an 
Interrupt Acknowledge cycle if there are no 
higher priority devices requesting interrupts. 

There are three types of interrupts: 
Transmit, Receive, and External/Status. Each 
interrupt type is enabled under program con- 
trol with Channel A having higher priority 
than Channel B, and with Receiver, Transmit, 
and External/Status interrupts prioritized in 
that order within each channel. When the 
Transmit interrupt is enabled, the CPU is 
interrupted when the transmit buffer becomes 
empty. (This implies that the transmitter must 
have had a data character written into it so 
that it can become empty.) When enabled, the 
receiver can interrupt the CPU in one of three 
ways: 

■ Interrupt on First Receive Character or 
Special Receive Condition. 

■ Interrupt on All Receive Characters or 
Special Receive Condition. 

■ Interrupt on Special Receive Condition 
Only. 

Interrupt on First Character or Special Con- 
dition and Interrupt on Special Condition Only 
are typically used with the Block Transfer 



mode. A Special Receive Condition is one of 
the following: receiver overrun, framing error 
in Asynchronous mode, end-of-frame in SDLC 
mode and, optionally, a parity error. The 
Special Receive Condition interrupt is different 
from an ordinary receive character available 
interrupt only in the status placed in the vector 
during the Interrupt Acknowledge cycle. In 
Interrupt on First Receive Character, an inter- 
rupt can occur from Special Receive Condi- 
tions any time after the first receive character 
interrupt. 

The main function of the External/Status 
interrupt is to monitor the signal transitions of 
the CTS, DCD, and SYNC pins; however, an 
External/Status interrupt is also caused by a 
Transmit Underrun condition, or a zero count 
in the baud rate generator, or by the detection 
of a Break (Asynchronous mode). Abort (SDLC 
mode) or EOP (SDLC Loop mode) sequence in 
the data stream. The interrupt caused by the 
Abort or EOP has a special feature allowing 
the SCC to interrupt when the Abort or EOP 
sequence is detected or terminated. This 
feature facilitates the proper termination of the 
current message, correct initialization of the 
next message, and the accurate timing of the 
Abort condition in external logic in SDLC 
mode. In SDLC Loop mode, this feature allows 
secondary stations to recognize the wishes of 
the primary station to regain control of the 
loop during a poll sequence. 

CPU/DMA Block Transfer. The SCC provides 
a Block Transfer mode to accommodate CPU 
block transfer functions and DMA controllers. 
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Functional Description (Continued) 



The Block Transfer mode uses the WAIT/ 
REQUEST output in conjunctio n with the 
Wait/Request bits in WRl. The WAIT/ 
REQUEST output can b e defined under soft- 
ware control as a WAI T line in th e CPU Block 
Transfer mode or as a REQUEST line in the 

DMA Block Transfer mode. 

To a DMA controller, the SCC REQUEST 



output indicates that the SCC is ready to 
tra nsfer d ata to or from memory. To the CPU, 
the WAIT line indicates that the SCC is 'not 
ready to transfer data, thereby requesting that 
the CPU extend the I/O cycle. The DTR/ 
REQUEST line allows full-duplex operation 
under DMA control. 



Architecture 

The SCC internal structure includes two full- 
duplex channels, two baud rate generators, 
internal control and interrupt logic, and a bus 
interface to a nonmultiplexed bus. Associated 
with each channel are a number of read and 
write registers for mode control and status 
information, as well as logic necessary to inter- 
face to modems or other external devices 
(Figure 8). 

The logic for both channels provides 
formats, synchronization, and validation for 
data transferred to and from the channel inter- 
face. The modem control inputs are monitored 



by the control logic under program control. 
All of the modem control signals are general- 
purpose in nature and can optionally be used 
for functions other than modem control. 

The register set for each channel includes 
ten control (write) registers, two sync- 
character (write) registers, and four status 
(read) registers. In addition, each baud rate 
generator has two (read/write) registers for 
holding the time constant that determines the 
baud rate. Finally, associated with the inter- 
rupt logic is a write register for the interrupt 
vector accessible through either channel, a 









BAUD RATE 
GENERATOR 


A 










am ! fi 










\" 


£ 




CHANNEL A 


^ * } SERIAL DATA 














* ^:iv 


"^ ~ 1 CHANNEL CLOCKS 






INTERNAL 

CONTROL 

LOGIC 




CHANNEL A 
REGISTERS 






"V 


-* — *■ SYNC 

^ WAlTmEQUESf 














DISCRETE 

CONTROL 

& STATUS 

A 












/% 




/\ 




Mh 


-• MODEM, DMA, OR 

». > OTHER CONTROLS 


""'-(^ 


CPU 
BUS I/O 


/\ 




*;:f 


-V 




< 


JNieRNftlBUS 


fS*> 








CONTROI, \ S J> 


N 




fi; 


K 


DISCRETE 
CONTROL 
& STATUS 


— 1 










\/ 




\y 




^ ipi::? 






INTERRUPT 

CONTROL 

LINES 

tfl 

+ 5VGNDPCLK 




INTERRUPT 

CONTROL 

LOGIC 




CHANNEL B 
REGISTERS 








— * J 












N 


CHANNEL B 


_^ ^ SERIAL DATA 














^^^^ 


^ *" { CHANNEL CLOCKS 






BAUD RATE 

GENERATOR 

B 




1 ii 

ill 




■^ — *- SYNC 

*■ waIt/request 




<Ai!i:^i; 










^ 












Fig 


ure 8. Bl 


ock Diagi 


•am of SC 


:C Arc 


hi 


tecti 


ire 





12 



ZK30SCC 



Architecture (Continued) 
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Architecture (Continued) 

write only Master Interrupt Control register 
and three read registers: one containing the 
vector with status infomation (Channel B only), 
one containing the vector without status 
(Channel A only), and one containing the 
Interrupt Pending bits (Channel A only). 

The registers for each channel are 
designated as follows: 

WR0-WR15 — Write Registers through 15. 

RR0-RR3, RRIO, RR12, RR13, RR15 — Read 
Registers through 3, 10, 12, 13, 15. 

Table 1 lists the functions assigned to each 
read or write register. The SCC contains only 
one WR2 and WR9, but they can be accessed 
by either channel. All other registers are 
paired (one for each channel). 

Data Path. The transmit and receive data path 
illustrated in Figure 9 is identical for both 
channels. The receiver has three 8-bit buffer 
registers in an FIFO arrangement, in addition 
to the 8-bit receive shift register. This scheme 
creates additional time for the CPU to service 
an interrupt at the beginning of a block of 
high speed data. Incoming data is routed 
through one of several paths (data or CRC) 
depending on the selected mode (the character 
length in Asynchronous modes also determines 
the data path). 

The transmitter has an 8-bit Transmit Data 
buffer register loaded from the internal data 
bus and a 20-bit Transmit Shift register that 
can be loaded either from the synchronous 
character registers or from the Transmit Data 
register. Depending on the operational mode, 
outgoing data is routed through one of four 
main paths before it is transmitted from the 
Transmit Data output (TxD) 



Read Register Functions 



RRO Transmit/Receive buffer status and External status 

RRl Special Receive Condition status 

RR2 Modified interrupt vector (Channel B only) 

Unmodified interrupt vector (Channel A only) 

RR3 Interrupt Pending bits (Channel A only) 

RR8 Receive buffer 

RRIO Miscellaneous status 

RRl 2 Lower byte of baud rate generator time constant 

RRl 3 Upper byte of baud rate generator time constant 

RRl 5 External/Status interrupt information 



Write Register Functions 



WRO CRC initialize, initialization commands for the 
various modes, Register Pointers 

WRl Transmit/Receive interrupt and data transfer mode 
definition 

WR2 Interrupt vector (accessed through either channel) 

WR3 Receive parameters and control 

WF14 Transmit/Receive miscellaneous parameters and 
modes 

WR5 Transmit parameters and controls 

WR6 Sync characters or SDLC address field 

WR7 Sync character or SDLC flag 

WR8 Transmit buffer 

WR9 Master interrupt control and reset (accessed 
through either channel) 

WRIO Miscellaneous transmitter/receiver control bits 

WRli Clock, mode control 

WRl 2 Lower byte of baud rate generator time constant 

WRl 3 Upper byte of baud rate generator time constant 

WR14 Miscellaneous control bits 

WRl 5 External/Status interrupt control 

Table 1. Read and Write Register Functions 



Programming 

The SCC contains 13 write registers in each 
channel that are programmed by the system 
separately to configure the functional per- 
sonality of the channels. 

In the SCC, register addressing is direct for 
the data registers_only, which are selected by 
a High on the D/C pin. In all other cases (with 



the exception of WRO and RRO), programming 
the write registers requires two write opera- 
tions and reading the read registers requires 
both a write and a read operation. The first 
write is to WRO and contains three bits that 
point to the selected register. The second write 
is the actual control word for the selected 
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Programming (Continued) 

register, and if the second operation is read, 
the selected read register is accessed. All of 
the registers in the SCC, including the data 
registers, may be accessed in this fashion. The 
pointer bits are automatically cleared after the 
read or write operation so that WRO (or RRO) is 
addressed again. 

The system program first issues a series of 
commands to initialize the basic mode of 
operation. This is followed by other commands 
to gualify conditions within the selected mode. 
For example, the Asynchronous mode, 
character length, clock rate, number of stop 
bits, even or odd parity might be set first. 
Then the interrupt mode would be set, and 
finally, receiver or transmitter enable. 

Read Register 



07 j De I D5 D4 I D3 ' Dj 1 D, Do 



- Rx CHARACTER AVAILABLE 

- ZERO COUNT 

- Tx BUFFER EMPTY 
■ DCD 

- SYNC/HUNT 

- CTS 

- Tx UNDERRUN/EOM 

- BREAK/ABORT 



Read Register 1 



- ALL SENT 

- RESIDUE CODE 2 

- RESIDUE CODE 1 
• RESIDUE CODED 

- PARITY ERROR 

- Rx OVERRUN ERROR 

■ CRC/FRAMING ERROR 

■ END OF FRAME (SDLC) 



Read Register 2 

I Dy I Dfi [ D5 I D4 [ D3 [ D; [ Di I Dp j 

L vo 



> INTERRUPT VECTOR * 



Read Registers. The SCC contains eight read 
registers (actually nine, counting the receive 
buffer (RR8) in each channel). Four of these 
may be read to obtain status information (RRO, 
RRl, RRIO, and RR15). Two registers (RR12 
and RRl 3) may be read to learn the baud rate 
generator time constant. RR2 contains either 
the unmodified interrupt vector (Channel A) or 
the vector modified by status information 
(Channel B). RR3 contains the Interrupt Pen- 
ding (IP) bits (Channel A). Figure 10 shows 
the formats for each read register. 

The status bits of RRO and RRl are carefully 
grouped to simplify status monitoring; e.g., 
when the interrupt vector indicates a Special 
Receive Condition interrupt, all the appro- 
priate error bits can be read from a single 
register (RRl). 

Read Register 3 



7 1 Ds Ds 1 D4 D3 j Dj 1 D, Do 1 


L 







- CHANNEL B EXT/STAT IP* 

- CHANNEL BTxIP* 

■ CHANNEL B Rx IP* 

- CHANNEL A EXT/STAT IP* 

■ CHANNEL A Tx IP* 
• CHANNEL A Rx IP* 



*ALV/AYSOIN B CHANNEL 

Read Register 10 



[±: 



■ LOOP SENDING 



- TWO CLOCKS MISSING 
■ ONE CLOCK MISSING 



Read Register 12 



D; ! De I D5 I D4 : D3 D2 : D, Do 



L- TCo 



• TC2 
■ TC3 



TC5 

TCe 



•MODIFIED IN B CHANNEL Figufe 10. Read Register Bit Functions 
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Programming (Continued) 
Read Register 13 

I D7 I De I D5 j D4 i D3 I D; I Di j Pq"] 



L^: 



Read Register 15 



I D7 ] De I D 5 I D4 I D3 ] D; ' D, j Dp I 



- ZERO COUNT IE 

- 

- DCD IE 

- SYNC/HUNT IE 

- CTSIE 

- Tx UNDERRUN/EOM IE 

- BREAK/ABORT IE 



Figure 10. Read Register Bit Functions (Continued) 



Write Registers. The SCC contains 13 write 
registers (14 counting WR8, the transmit 
buffer) in each channel. These write registers 
are programmed separately to configure the 
functional ''personality" of the channels. In 
addition, there are two registers (WR2 and 



WR9) shared by the two channels that may be 
accessed through either of them. WR2 contains 
the interrupt vector for both channels, while 
WR9 contains the interrupt control bits. Figure 
11 shows the format of each write register. 



Write Register 

I D-, I Dg I D5 I D4 I D3 [ D; [ D, I Dp I 



o__o__o 

1 
0__1_^ 

!L_L_1 

1 
1 1 
1 1 

1 1 1 


1 
1 

1 1 
Jl__0__0 

l._L_l 

1 1 



REGISTER 
REGISTER 1 
REGISTER 2 
REGISTER 3 
REGISTER 4 
REGISTER 5 
REGISTER 6 
REGISTER 7 
REGISTER 8 
REGISTER 9 
REGISTER 10 
REGISTER 11 
REGISTER 12 
REGISTER 13 
REGISTER 14 
REGISTER 15 



NULL CODE 

POINT HIGH 

RESET EXT/STAT INTERRUPTS 

SEND ABORT (SOLC) 

ENABLE INT ON NEXT Rx CHARACTER 

RESET TxINT PENDING 

ERROR RESET 

RESET HIGHEST lUS 



NULL CODE 

RESET Rx CRC CHECKER 
RESET Tx CRC GENERATOR 
RESET Tx UNDERRUN/EOM LATCH 



•WITH POINT HIGH COMMAND 



Write Register 1 

I D7 [ Dg [ D5 I D4 [ D3 I D; I D, j Dp j 

L 





1 

1 



EXT INT ENABLE 
Tx INT ENABLE 
PARITY IS SPECIAL CONDITION 

Rx INT DISABLE 

Rx INT ON FIRST CHARACTER OR SPECIAL CONDITION 
INT ON ALL Rx CHARACTERS OR SPECIAL CONDITION 
Rx INT ON SPECIAL CONDITION ONLY 



■ WAIT/DMA REQUEST ON RECEIVE/TRANSMTT 

■ WAIT/DMA REQUEST FUNCTION 

■ WAIT/DMA REQUEST ENABLE 



Write Register 2 

I D7 [ Ds I D5 I D4 j D3 I D2 i Di j Dp I 



L, 



Figure 11. Write Register Bit Functions 
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Programming (Continued) 
Write Register 3 

[d, j De j D5 ! D4 I Dj j D; j Di I Dp I 





1 

1 



L^ 



Rx ENABLE 

SYNC CHARACTER LOAD INHIBIT 

ADDRESS SEARCH MODE (SDLC) 

Rx CRC ENABLE 

ENTER HUNT MODE 

AUTO ENABLES 



X 5 BITS/CHARACTER 
X 7 BITS/CHARACTER 
X 6 BITS/CHARACTER 
x8 BITS/CHARACTER 



Write Register 4 





1 

1 



Li 



PARITY ENABLE 
PARITY EVEN/ODD 



SYNC MODES ENABLE 
1 STOP BIT/CHARACTER 

1 '/! STOP BITS/CHARACTER 

2 STOP BITS/CHARACTER 



8 BIT SYNC CHARACTER 
16 BIT SYNC CHARACTER 
SDLC MODE (01111110 FLAG) 
EXTERNAL SYNC MODE 



Write Register 5 



p, De D5 1 D4 ; D3 Dj I D, Do 





1 

1 



LL 



Tx CRC ENABLE 
RTS 

SbLC/CRC-16 
Tx ENABLE 
SEND BREAK 

Tx 5 BITS (OR LESS)/CHARACTER 
Tx 7 BITS/CHARACTER 
Tx 6 BITS/CHARACTER 
Tx 8 BITS/CHARACTER 



• DTR 



XI CLOCK MODE 
X16 CLOCK MODE 
X32 CLOCK MODE 
X64 CLOCK MODE 



Write Register 6 





1 D, 1 D, [ D, 1 D, 1 0, 1 D, 1 0, : D, 1 




1 








1 




















r 


n 





SYNC7 


SYNCe 


SYNCs 


SYNC4 


SYNC3 


SYNC2 


SYNC1 


SYNCo 


MONOSYNC, a BITS 


SYNCi 


SYNCo 


SYNCs 


SYNC4 


SYNC3 


SYNC2 


SYNC1 


SYNCo 


MONOSYNC, 6 BITS 


SYNC7 


SYNCe 


SYNC5 


SYNC4 


SYNC3 


SYNC2 


SYNC1 


SYNCo 


BISYNC, 16 BITS 


SYNC3 


SYNC2 


SYNC1 


SYNCo 


1 


1 


1 


1 


BISYNC, 12 BITS 


ADR7 


ADRe 


ADR5 


ADR4 


ADR3 


ADR2 


ADRi 


ADRo 


SDLC 


ADR7 


ADRe 


ADR5 


ADR4 


* 


" 


" 


^ 


SDLC 
(ADDRESS RANGE) 



Write Register 7 

I D7 I De I D5 j D4 [ D3 I D2 I Di I Dp I 

L_ 



r n 



SYNC7 


SYNCe 


SYNCs 


SYNC4 


SYNC3 


SYNC2 


SYNCi 


SYNCo 


MONOSYNC, 8 BITS 


SYNCs 


SYNC4 


SYNC3 


SYNC2 


SYNCi 


SYNCo 


X 


X 


MONOSYNC, 6 BITS 


SYNC15 


SYNC14 


SYNC13 


SYNC12 


SYNC11 


SYNC10 


SYNC9 


SYNCe 


BISYNC, 16 BITS 


SYNC11 


SYNC10 


SYNC9 


SYNCs 


SYNC7 


SYNCe 


SYNCs 


SYNC4 


BISYNC, 12 BITS 





1 


1 


1 


1 


1 


1 





SDLC 



Figure 11. Write Register Bit Functions (Continued) 
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Programming (Continued) 
Write Register 9 

Id, ' De D5 ' D4 Dj D. ' D, Do I 

U: 



_0 

1 

1 



NV 

- DLC 
■ MIE 

- STATUS HIGH/STATUS LOW 



NO RESET 
CHANNEL RESET B 
CHANNEL RESET A 
FORCE HARDWARE RESET 



Write Register 12 

Id, ! Dg ! D5 ' D4 ' D3 ! Dj ' D, j Dp] 

LL- TCo 
— TCi 



■ TCs 

■ TCe 



Write Register 13 



Write Register 10 

[ D, ! De j D5 I D4 j D3 j D; j D, j Dp } 



p, De D5 D4 D3 Dj ' D, ' Do 



0__0 

1 

1 



6 BIT/8 BIT SYNC 

LOOP MODE 

ABORT/FLAG ON UNDERRUN 

MARK/FLAG IDLE 

GO ACTIVE ON POLL 



NRZ 

NRZI 

FM1 (TRANSITION = 1) 

FMO (TRANSITION = 0) 



- CRC PRESET I/O 



Write Register 1 1 

I D, ' Dg D5 D4 D3 Dj ' D, dJ 



0__0 

1 

1 



0__0 

1 

1 



0__0 

1 

1 



TRxC OUT = XTAL OUTPUT 

TRxC OUT = TRANSMIT CLOCK 

TRxC OUT = BR GENERATOR OUTPUT 

TRxC OUT = DPLL OUTPUT 

TRxC 0/i 



TRANSMIT CLOCK = RtxC PIN 

TRANSMIT CLOCK = tRxC PIN 

TRANSMIT CLOCK = BR GENERATOR OUTPUT 

TRANSMIT CLOCK = DPLL OUTPUT 



RECEIVE CLOCK = RTxC PIN 

RECEIVE CLOCK = TRxC PIN 

RECEIVE CLOCK = BR GENERATOR OUTPUT 

RECEIVE CLOCK = DPLL OUTPUT 



■ RTxC XTAL/NO XTAL 



L TCe 
TC9 
TC10 



Write Register 14 

I D, I De I D5 j P4 } D3 [ D; I Di { Dp I 





1 

1 

1 1 

1 _0 
1 1 
1 1 



L 



BR GENERATOR ENABLE 
BR GENERATOR SOURCE 
DTR/REOUEST FUNCTION 
AUTO ECHO 
LOCAL LOOPBACK 



NULL COMMAND 

ENTER SEARCH MODE 

RESET MISSING CLOCK 

DISABLE DPLL 

SET SOURCE = BR GENERATOR 

SET SOURCE = RTxC 

SET FM MODE 

SET NRZI MODE 



Write Register 15 

I D, j Dg ! D5 ' D 4 I D3 j D; I D, I Dp I 



ZERO COUNT IE 

- 

- DCD IE 

- SYNC/HUNT IE 

- CTS IE 

- Tx UNDERRUN/EOM IE 

- BREAK/ABORT IE 



Figure 11. Write Register Bit Functions (Continued) 
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Timing 

Th e se c generates internal control signals 
from WR and RD that are related to PCLK. 
Sin ce PCLK has no phase relationship with 
WR and RD, the circuitry generating these 
internal control signals must provide time for 
metastable conditions to disappear. This gives 
rise to a recovery time related to PCLK. The 
recovery time applies only between bus trans- 
actions involving the SCC. The recovery time 
required for proper operation is specified from 
the rising edge of WR or RD in the first trans- 



action involving the SCC to the falling edge of 
WR or RD in the second transaction involving 
the SCC. This time must be at least 6 PCLK 
cycles plus 200 ns. 

Read Cycle Timing. Figure 12 illustrates _ 
Read cycle timin g. Addres ses on A/B and D/C 
and the status on INTACK must remain stable 
throughout the cycle^If CE falls after RD falls 
or if it rises before RD rises, the effective RD is 
shortened. 



ADDRESS VALID 



X 



V 



A 



Z 



"V 



J 



X 



DATA VALID 



Figure 12. Read Cycle Timing 
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Timing (Continued) 

Write Cycle Timing. Figure 13 illustrates __ 
Write cycle timin g. Addre sses on A/B and D/C 
and the status on INTACK must remain stable 



throughout the cycle^If CE falls after WR falls 
or if it rises before WR rises, the effective WR 
is shortened. 



X 



ADDRESS VALID 



X 



X 



X 



X 



f 



DATA VALID 



Figure 13. Write Cycle Timing 



Interrupt Acknowledge Cycle Timing. Figure 
14 illustrates Interrupt Acknowledge cycle 
timing. Between the time INTACK goes Low 
and the falling edge of RD, the internal and 
external lEI/IEO daisy chains settle. If there is 
an interrupt pending in the SCC and lEI is 



High when RD falls, the Acknowledge cycle is 
intended for the SCC. In this case, the SCC 
may be programmed to respond to RD Low by 
placing its interrupt vector on Dq-D? and it 
then sets the appropriate Interrupt- Under- 
Service latch internally. 



"X 



-f/- 



f 



X 



y 



■^iix 



Figure 14. Interrupt Acknowledge Cycle Timing 
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Absolute Maximum Ratings 

Voltages on all inputs and outputs 

with respect to GND -0.3 V to +7.0 V 

Operating Ambient 

Temperature As Specified in 

Ordering Information 
Storage Temperature -65 °C to + 150°C 



Stresses greater than those Usted under Absolute Maxi- 
mum Ratings may cause permanent damage to the device. 
This is a stress rating only; operation of the device at any 
condition above those indicated in the operational sections 
of these specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect 
device reliability. 



Standard Test Conditions 

The characteristics below apply for the 
following standard test conditions, unless 
otherwise noted. All voltages are referenced to 
GND. Positive current flows into the refer- 
enced pin. Standard conditions are as follows: 



■ +4.75 V < Vcc ^ +5.25 V 

■ GND = V 

■ Ta as specified in Ordering Information 

All ac parameters assume a load capacitance 
of 50 pF max. 




FROM OUTPUT ^ 
UNDER TEST 



Figure 15. Standard Test Load 



Figure 16. Open-Drain Test Load 



DC Characteristics 



Symbol 


Parameter 


Min 


Max 


Unit 


Condition 


VlH 


Input High Voltage 


2.0 


Vcc + 0.3 


V 




ViL 


Input Low Voltage 


-0.3 


0.8 


V 




VOH 


Output High Voltage 


2.4 




V 


Iqh- -250,.A 


Vol 


Output Low Voltage 




0.4 


V 


IoL= +2.0 mA 


IlL 


Input Leakage 




±10.0 


M 


0.4 < VjN ^ +2.4V 


loL 


Output Leakage 




±10.0 


M 


0.4< VouT^ +2.4V 


^cc 


Vqq Supply Current 




250 


mA 




Vqq = 5 V ± 5% unless otherwise specified, 


over specified temperati 


re range. 
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Capacitance 


Symbol 


Parameter Min 


Max 


Unit 


Test Condition 


•^OUT 


Input Capacitance 
Output Capacitance 
Bidirectional Capacitance 


10 
15 
20 


pF 
PF 
pF 


Unmeasured Pins 
Returned to Ground 



f = 1 MHz, over specified temperature range. 



Read and Write Timing 



B, D/C \ 



D0-D7 . 

READ 



D0-D7 

WRITE 



W/REQ 

WAIT 



W/REQ 

REQUEST , 



DTR/REQ 

REQUEST , 



-<i} 



U^ 



^ 



-<S> 



Ki?)-^ 



C29>-f^ 






V 



— C31> 



-(3^- 



-<3>- 



-<B>- 



J 



X 



-0- 



\<^ 



X 



-(i7)- 



-<28> 



-J 



I 



;3 



^x) 






^ 






-(37^ 



(38)- 



tT 



:;x 
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Read and Write Timing (Continued) 



Number Symbol 



Parameters 



Min{ns) Max(ns) Notes* 



1 


TwPCl 


2 


TwPCh 


3 


TfPC 


4 


TrPC 


5 


TcPC 


6 


TsA(WR) 


7 


ThA(WR) 


8 


TsA(RD) 


9 


ThA(RD) 


10 


TsIA(PC) 


11 


TsIAi(WR) 


12 


ThlA(WR) 


13 


TsIAi(RD) 


14 


ThlA(RD) 


15 


ThlA(PC) 


16 


TsCEl(WR) 


17 


ThCE(WR) 


18 


TsCEh(WR) 


19 


TsCEl(RD) 


20 


ThCE(RD) 


21 


TsCEh(RD) 


22 


TwRDl 


23 


TdRD(DRA) 


24 


TdRDr(DR) 


25 


TdRDf(DR) 


26 


TdRD(DRz) 


NOTES: 




1 . Parameter does not apply to 


transactions. 



PCLK Low Width 

PCLK High Width 

PCLK Fall Time 

PCLK Rise Time 

PCLK Cycl e Ti me 

Address to WR i Setup Time 

Address to WR t Hold Time 

Address to RD i Setup Time 

Address to RD t Hold Time 

INTACK to PCLK t Setup Time 

INTACK to WR 1 Setup Time 

INTACK to WR t Hold Time 

INTACK to RD i Setup Time 

INTACK to RD t Hold Time 

INTACK to_PCLK t Hold Time 

CE Low to WR 1 Setup Time 

C_Eto WR t Hold Time 

C| High to WR i Setup Time 

CE Low to RD i Setup Time 

CE to RD t Hold Time 

CE High to RD i Setup Time 

RD Low Width 

RD i to Read Data Active Delay 

RD t to Read Data Not Valid Delay 

RD 1 to Read Data Valid Delay 

RD t to Read Data Float Delay 



105 
105 



250 

80 



80 





200 


200 


100 



100 



100 

390 





2000 

2000 

20 

20 

4000 



255 
70 



Interrupt Acknowledge 



2. Float delay is defined as the time required for a ±0.5 V change 
in the output with a maximum dc load and minimum ac load. 
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Interrupt Acknowledge Timing 



J V. 



"V 



"^ 



^-\ 



■\_ 



F¥ 



"^- 



i^_o- 



^")^*" 



X 



X- H 



J 



-<39)- 



cz>: 



^ — <«>-. 



^%*\ 



3c 



-<45> 



Reset Timing 



^^ 



\^ 



-fJ- 



f 



J 



Cycle Timing 



f 



-(49>- 



/ V 



-y/- 



"V 



\ 
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Number 


Symbol 


27 


TdA(DR) 


28 


TwWRl 


29 


TsDW(WR) 


30 


ThDW(WR) 


31 


-TdWR(W) — 


32 


TdRD(W) 


33 


TdWRf(REQ) 


34 


TdRDf(REQ) 


35 


TdWRr(REQ) 


36 


-TdRDr(REQ)- 


37 


TdPC(INT) 


38 


TdlAi(RD) 


39 


TwRDA 


40 


-TdRDA(DR)- 


41 


TsIEI(RDA) 


42 


ThlEI(RDA) 


43 


TdlEI(IEO) 


44 


TdPC(IEO) 


45 


-TdRDA(INT)- 


46 


TdRD(WRQ) 


47 


TdWRQ(RD) 


48 


TwRES 


49 


Trc 



Parameters 



Min(ns) Max(ns) Notes* 



Address Required Valid to Read Data Valid Delay 

WR Low Width_ 

Write Data to WR I Setup Time 

Write Data to WR 1 Hold Time 

-WR 1 to Wait Valid Delay 

RD I to WaiM^lid Delay 
W_R 1 to W/REQ Not Valid Delay 
RD i to W/REQ Not Valid Delay 
WR I to DTR/REQ Not Valid Delay 



-RD I to DTR/REQ Not Valid Delay 

PCLK I to INT Valid Delay 

INTACK to RD 1 (Acknowledge) Delay 

RD (Acknowledge) Width 

- RD i (Acknowledge) to Read Data Valid Delay - 
lEI to RD i (Acknowledge) Setup Time 

lEI to RD I (Acknowledge) Hold Time 
lEI to lEO Delay Time 
PCLK I _to_^EO Delay 

- RD i to INT Inactive Delay 

P^ 1 to WR 1 Delay for No Reset 

WR t to RD i Delay for No Reset 
WR and RD Coincident Low for Reset 
Valid Access Recovery Time 



390 





285 



120 




30 

30 

250 

6TcPC 

+ 200 



590 



240- 

240 

240 

240 

5TcPC 

+ 300 

-5TcPC - 

+ 300 

500 



-190- 



120 

250 

-500- 



NOTES: 

3. Parameter applies only between transactions involving the 

sec. 

4. Open-drain output, measured with open-drain test load. 

5. Parameter is system dependent. For any SCC in the daisy 
chain, TdlAi(RD) must be greater than the sum of TdPC(IEO) 



for the highest priority device in the daisy chain, TsIEI(RDA) for 
the SCC, and TdlEIf(IEO) for eqch device separating them in 
the daisy chain. 

*Timings are preliminary and subject to change. 
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General Timing 



Number Symbol 



Parameters 



Min(ns) Max(ns) Notes* 



1 TdPC(REQ) 

2 TdPC(W) 

3 TsRXC(PC) 

4 TsRXD(RXCr) 

5 ThRXD(RXCr)- 

6 TsRXD(RXCf) 

7 ThRXD(RXCf) 

8 TsSY(RXC) 

9 ThSY(RXC) 



PCLK i to W/REQ Valid Delay 
PCLK I to Wait Inactive Delay 
R^ t to PCLK t Setup Time 
RxD to RxC t Setup Time (XI Mode) 
-RxD to R^ t Hold Time (XI Mode)- 
RxD to R^ i Setup Time (XI Mode) 
RxD to R^ i Hold Time (XI Mode) 



SYNC to RxC t Setup Time 



SYNC to RXC t Hold Time 



lo- 
ll 
12 
13 
14 
15- 
16 
17 
18 
19 
20- 
21 
22 



-TsTXC(PC) 

TdTXCf(TXD) 

TdTXCr(TXD) 

TdTXD(TRX) 

TwRTXh 
-TwRTXl 

TcRTX 

TcRTXX 

TwTRXh 

TwTRXl 
-TcTRX 

TwEXT 

TwSY 



-TxC i to PCLK t Setup Time 

TxC i to TxD Delay (XI Mode) 
T^ t to TxD Delay (XI Mode) 
TxD to TRxC Delay (Send Clock Echo) 
RTxC High Width 



-RTxC Low Width - 



RTxC Cycle Time 
Crystal Oscillator Period 



TRxC High Width 



TRxC Low Width 

-TRxC Cycle Time 

DCD or CTS Pulse V/idth 
SYNC Pulse Width 



50 


150- 



150 

-200 

3TcPC 

+ 200 

0- 



180 
-180- 
400 
250 
180 
180 
-400- 
200 
200 



250 
350 



300 
300 



1000 



1,4 

1 

— 1— 

1,5 

1,5 

1 

1 
-2,4- 
2 
2,5 



NOTES: 

1. RxC is RTxC or TRxC, whichever ic supplying the receive 
clock. 

2. TxC is TRxC or RTxC, whichever is supplying the transmit 
clock^ 

3. Both RTxC and SYNC have 30 pF capacitors to ground con- 
nected to them. 



4. Parameter applies only if the data rate is one-fourth the 
PCLK rate. In all other cas es, no phase relationship 
between RxC and PCLK or TxC and PCLK is required. 

5. Parameter applies only to FM encoding/decoding. 

* Timings are preliminary and subject to change. 
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General Timing (Continued) 



PCLK 


\ 


/ \ 


i 


/ \ 






/ 


\ / 


WmEQ 

REQUEST 






1 


\ 






® -] 






W/REQ 
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/ 








4 








■ (r>-*- 
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RECEIVE 


V 


J 


— ir~ 


_V 


(jyf--^ 
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)C 










l^^l 


-~- 


'-'~-(0~— 
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EXTERNAL 
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K 










\ 


-»(10> 








TR^, RfiC 

TRANSMIT 




f 


/,2\ 


-1 


~A 




f- <^- -" - 






TxD 


"^ 


f 

\ ff 


J( 




J< 






^-^--^--^-(0)-- -^ 




TRxC 

OUTPUT 


K 














. \ 
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-H 


y 
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S 
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6) * 
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System Timing 



RTxC, TRxC 

RECEIVE 



W/REQ 

REQUEST 



SYNC 

OUTPUT 



RTxC, TRxC 

TRANSMIT 



W/REQ 

REQUEST 



W/REQ 

WAIT 



DTR/REQ 

REQUEST 



"Y 



f 



A V. 



-Qy- 



\ 



-(jy 



y 



\ 



-<!> 



^--(5> 






-<J}- 






y 






"Y 



/" 



SYNC 

INPUT 



X 



■> — <^ 



Kjo)- 



A. 
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System Timing (Continued) 



Number Symbol 



Parameter 



Min 



Max 



Units Notes* 



1 


TdRXC (REQ) 


2 


TdRXC(W) 


3 


TdRXC(SY) 


4 


TdRXC(INT) 


5 — 


— TdTXC(REQ)- 


6 


TdTXC(W) 


7 


TdTXC(DRQ) 


8 


TdTXC(INT) 


9 


TdSY(INT) 


10 


TdEXT(INT) 



RxC t to W/REQ Valid Delay 
RxC t to Wait Inactive Delay 



RxC ! to SYNC Valid Delay 
R^ t to iNT Valid Delay 



-TxC i to W/REQ Valid Delay - 
TxC i to Wait Inactive Delay 



TxC 1 to DTR/REQ Valid Delay 
T^ 1 to INT Valid Delay 



SYNC Transition to INT Valid Delay 
DCD or CTS Transition to INT Valid Delay 



8 


12 


TcPC 


2 


8 


12 


TcPC 


1,2 


4 


7 


TcPC 


2 


10 


16 


TcPC 


1,2 


q 


8 — 

8 


Tr^VC 


q 


5 


TcPC 


1,3 


4 


7 


TcPC 


3 


6 


10 


TcPC 


1,3 


2 


6 


TcPC 


1 


2 


6 


TcPC 


1 



NOTES: 

1 . Ope n- drain o ut put, m easured with open-drain test load. 

2. RxC is RTxC or TRxC, whichever is supplying the receive 
clock. 



3. TxC is TRxC or RTxC, whichever is supplying the transmit 
clock. 

'Timings are preliminary and subject to change. 



29 



ZK30SCC 



Ordering Information 



Type 



Package 



Temp 



Clock 



Description 



Z8530 Bl 


Plastic 40 pin 


0/ + 70°C 


B6 


Plastic 40 pin 


-40/ + 85°C 


Dl 


Ceramic 40 pin 


0/ + 70°C 


D2 


Ceramic 40 pin 


-5S/+125°C 


D6 


Ceramic 40 pin 


-40/ + 85°C 


Z8530A Bl 


Plastic 40 pin 


0/ + 70°C 


B6 


Plastic 40 pin 


-40/ + 85°C 


Dl 


Ceramic 40 pin 


0/ + 70°C 


D6 


Ceramic 40 pin 


-40/ + 85°C 



Z8530 Serial Communications 
Controller 



4MHz 



6MHz 



Packages 



Plastic 



Ceramic 




i ra. 





. 5130"" 








, 12.8 . 














* 












op 
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Counter/Timer 

and 

Parallel I/O Unit 



2SS36CIO 



Features 

■ Two independent 8-bit, double-buffered, 
bidirectional I/O ports plus a 4-bit 
special -purpose I/O port. I/O ports 
feature programmable polarity, 
programmable direction (Bit mode), ''pulse 
catchers," and programmable open- 
drain outputs. 

■ Four handshake modes, including 3- Wire 
(like the IEEE-488). 



REQUEST/WAIT signal for high-speed data 
transfer. 



Flexible pattern-recognition logic, program- 
mable as a 16- vector interrupt controller. 

Three independent 16-bit counter/timers 
with up to four external access lines per 
counter/timer (count input, output, gate, 
and trigger), and three output duty cycles 
(pulsed, one-shot, and sguare-wave), 
programmable as retriggerable or 
nonretriggerable . 

Easy to use since all registers are 
read/write. 



General Description 

The Z8536 CIO Counter/Timer and 
Parallel I/O element is a general-purpose 
peripheral circuit, satisfying most counter/ 
timer and parallel I/O needs encountered in 
system designs. This versatile device contains 
three I/O ports and three counter/timers. Many 
programmable options tailor its configuration 
to specific applications. The use of the device 
is simplified by making all internal registers 



(command, status, and data) readable and 
(except for status bits) writable. In addition, 
each register is given its own unigue internal 
address, so that any register can be accessed 
in two operations. All data registers can be 
directly accessed in a single operation. The 
CIO is easily interfaced to all popular 
microprocessors . 
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Figure 2. Pin Configurations 
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Pin Description 

Aq-Ai. Address Lines (input). These two lines 
are used to select the register involved in the 
CPU transaction: Port A's Data register, Port 
B's Data register, Port C's Data register, or a 
control register. 

CE. Chip Enable (input, active Low). A Low 
level on this input enables the CIO to be read 
from or written to. 

D0-D7. Data Bus (bidirectional 3-state). These 
eight data lines are used for transfers between 
the CPU and the CIO. 

lEI. Interrupt Enable In (input, active High). 
lEI is used with lEO to form an interrupt daisy 
chain when there is more than one interrupt- 
driven device. A High lEI indicates that no 
other higher priority device has an interrupt 
under service or is requesting an interrupt. 

lEO. Interrupt Enable Out (output, active 
High). lEO is High only if lEI is High and the 
CPU is not servicing an interrupt from the 
requesting CIO or is not requesting an inter- 
rupt (Interrupt Acknowledge cycle only). lEO 
is connected to the next lower priority device's 
lEI input and thus inhibits interrupts from 
lower priority devices. 

INT. Interrupt Request (output, open- drain, 
active Low). This signal is pulled Low when 
the CIO requests an interrupt. 



INTACK. Interrupt Acknowledge (input, active 
Low). This input indicates to the CIO that an 
Interrupt Acknowledge cycle is in progress, 
INTACK must be synchronized to PCLK, and 



it must be stable throughout the Interrupt 
Acknowledge cycle. 

PA0-PA7. Port A I/O lines (bidirectional, 
3-state, or open-drain). These eight I/O lines 
transfer information between the CIO's Porl A 
and external devices. 

PB0-PB7. Port B I/O lines (bidirectional, 
3-state, or open-drain). These eight I/O lines 
transfer information between the CIO's Port B 
and external devices. May also be used to 
provide external access to Counter/Timers 
1 and 2. 

PC0-PC3. Port C I/O lines (bidirectional, 
3-state, or open-drain). These f our I/O lines 
are used to provide handshake, WAIT, and 
REQUEST lines for Ports A and B or to provide 
external access to Counter/Timer 3 or access 
to the CIO's Port C. 

PCLK. Peripheral Clock (input, TTL- 
compatible). This is the clock used by the 
internal control logic and the counter/timers 
in timer mode. It does not have to be the 
CPU clock. 

RD*. /?eac/ (input, active Low). This signal 
indicates that a CPU is reading from the CIO. 
During an Interrupt Acknowledge cycle, this 
signal gates the interrupt vector onto the data 
bus if the CIO is the highest priority device 
requesting an interrupt. 

WR*. Write (input, active Low). This signal 
indicates a CPU write to the CIO. 

*When RD and WR are detected Low at the same time (normally 
an illegal condition), the CIO is reset. 



Architecture 

The CIO Counter/Timer and Parallel I/O 
element (Figure 3) consists of a CPU interface, 
three I/O ports (two general-purpose 8-bit 
ports and one special-purpose 4-bit port), 
three 16-bit counter/timers, an interrupt- 
control logic block, and the internal-control 
logic block. An extensive number of program- 
mable options allow the user to tailor the con- 
figuration to best suit the specific application. 

The two general-purpose 8-bit I/O ports 



(Figure 4) are identical, except that Port B can 
be ^ecified to provide external access to 
Counter/Timers 1 and 2. Either port can be 
programmed to be a handshake-driven, 
double-buffered port (input, output, or bidirec- 
tional) or a control-type port with the direction 
of each bit individually programmable. Each 
port includes pattern-recognition logic, allow- 
ing interrupt generation when a specific pat- 
tern is detected. The pattern-recognition logic 
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Architecture (Continued) 
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Figure 3. CIO Block Diagram 
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Figure 4. Ports A and B Block Diagram 
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Architecture (Continued) 

can be programmed so the port functions like 
a priority-interrupt controller. Ports A and B 
can also be linked to form a 16-bit I/O port. 

To control these capabilities, both ports con- 
tain 12 registers. Three of these registers, the 
Input, Output, and Buffer registers, comprise 
the data path registers. Two registers, the 
Mode Specification and Handshake Specifica- 
tion registers, are used to define the mode of 
the port and to specify which handshake, if 
any, is to be used. The reference pattern for 
the pattern-recognition logic is defined via 
three registers: the Pattern Polarity, Pattern 
Transition, and Pattern Mask registers. The 
detailed characteristics of each bit path (for 
example, the direction of data flow or whether 
a path is inverting or noninverting) are pro- 
grammed using the Data Path Polarity, Data 
Direction, and Special I/O Control registers. 

The primary control and status bits are 



grouped in a single register, the Command 
and Status register, so that after the port is ini- 
tially configured, only this register must be ac- 
cessed frequently. To facilitate initialization, 
the port logic is designed so that registers 
associated with an unrequired capability are 
ignored and do not have to be programmed. 

The function of the special-purpose 4-bit 
port. Port C (Figure 5), depends upon the 
roles of Ports A and B. Port C provides the 
required handshake lines. Any bits of Port C 
not used as handshake lines can be used as 
I/O lines or to provide external access for the 
third counter/timer. 

Since Port C's function is defined primarily 
by Ports A and B, only three registers (besides 
the Data Input and Output registers) are 
needed. These registers specify the details of 
each bit path: the Data Path Polarity, Data 
Direction, and Special I/O Control registers. 



m 



HANDSHAKE 

AND 

REQUEST/WAIT 
LOGIC 



INTERNAL 
BUS 



^ 



^ 



<^ 



O 



PORT 

CONTROL 

LOGIC 



C 



<J^ 



nr 



INPUT 
BUFFER/ 
INVERTERS 



^ 



_ J CO 



OUTPUT 
BUFFER/ 
INVERTERS 



Figures 5. Port C Block Diagram 



34 



?'$^ ' 







Architecture (Continued) 

The three counter/timers (Figure 6) are all 
identical. Each is comprised of a 16-bit down- 
counter, a 16-bit Time Constant register 
(which holds the value loaded into the down- 
counter), a 16-bit Current Count register (used 
to read the contents of the down-counter), and 
two 8-bit registers for control and status (the 
Mode Specification and the Command-^nd 
Status registers). 

The capabilities of the counter/timer are 
numerous. Up to four port I/O lines can be 
dedicated as external access lines for each 
counter/timer: counter input, gate input, trig- 
ger input, and counter/timer output. Three dif- 
ferent counter/timer output duty cycles are 
available: pulse, one-shot, or sguare-wave. 



The operation of the counter/timer can be pro- 
grammed as either retriggerable or nonretrig- 
gerable. With these and other options, most 
counter/timer applications are covered. 

There are five registers (Master Interrupt 
Control register, three Interrupt Vector 
registers, and the Current Vector register) 
associated with the interrupt logic. In addition, 
the ports' Command and Status registers and 
the counter/timers' Command and Status 
registers include bits associated with the inter- 
rupt logic. Each of these registers contains 
three bits for interrupt control and status: 
Interrupt Pending (IP), Interrupt Under Ser- 
vice (lUS), and Interrupt Enable (IE). 
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Figure 6. Counter/Timer Block Diagram 
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Functional Description 

The following describes the functions 
of the ports, pattern- recognition logic, 
counter/timers, and interrupt logic. 

I/O Port Operations. Of the CIO's three I/O 
ports, two (Ports A and B) are general- 
purpose, and the third (Port C) is a special- 
purpose 4-bit port. Ports A and B can be con- 
figured as input, output, or bidirectional ports 
with handshake. (Four different handshakes 
are available.) They can also be linked to form 
a single 16-bit port. If they are not used as 
ports with handshake, they provide 16 input or 
output bits with the data direction program- 
mable on a bit-by-bit basis. Port B also pro- 
vides access for Counter/Timers 1 and 2. In all 
configurations. Ports A and B can be pro- 
grammed to recognize specific data patterns 
and to generate interrupts when the pattern is 
encountered. 

The four bits of Port C provide the hand- 
shake lines f or Port s A and B when required. 
A REQUEST/WAIT line can also be provided 
so that CIO transfers can be synchronized with 
DMAs or CPUs. Any Por t C bi ts not used for 
handshake or REQUEST/WAIT can be used as 
input or output bits (individually data-direction 
programmable) or external access lines for 
Counter/Timer 3. Port C does not contain any 
pattern-recognition logic. It is, however, 
capable of bit-addressable writes. With this 
feature, any combination of bits can be set 
and/or cleared while the other bits remain 
undisturbed without first reading the register. 

Bit Port Operations. In bit port operations, the 
port's Data Direction register specifies the 
direction of data flow for each bit. A 1 
specifies an input bit, and a specifies an out- 
put bit. If bits are used as I/O bits for a 
counter/timer, they should be set as input or 
output, as required. 

The Data Path Polarity register provides the 
capability of inverting the data path. A 1 
specifies inverting, and a specifies non- 
inverting. All discussions of the port opera- 
tions assume that the path is noninverting. 

The value returned when reading an input 
bit reflects the state of the input just prior to 



the read. A I's catcher can be inserted into the 
input data path by programming a 1 to the 
corresponding bit position of the port's Special 
I/O Control register. When a 1 is detected at 
the I's catcher input, its output is set to 1 until 
it is cleared. The I's catcher is cleared 
by writing a to the bit. In all other cases, 
attempted writes to input bits are ignored. 
When Ports A and B include output bits, 
reading the Data register returns the value 
being output. Reads of Port C return the state 
of the pin. Outputs can be specified as open- 
drain by writing a 1 to the corresponding bit of 
the port's Special I/O Control register. Port C 
has the additional feature of bit-addressable 
writes. When writing to Port C, the four most 
significant bits are used as a write protect 
mask for the least significant bits (0-4, 1-5, 
2-6, and 3-7). If the write protect bit is written 
with a 1 , the state of the corresponding output 
bit is not changed. 

Ports with Handshake Operation. Ports A and 
B can be specified as 8-bit input, output, or 
bidirectional ports with handshake. The CIO 
provides four different handshakes for its 
ports: Interlocked, Strobed, Pulsed, and 
3-Wire. When specified as a port with hand- 
shake, the transfer of data into and out of the 
port and interrupt generation is under control 
of the handshake logic. Port C provides the 
handshake lines as shown in Table 1 . Any Port 
C lines not used for handshake can be used as 
simple I/O lines or as access lines for 
Counter/Timer 3. 

When Ports A and B are configured as ports 
with handshake, they are double-buffered. 
This allows for more relaxed interrupt service 
routine response time. A second byte can be 
input to or output from the port before the 
interrupt for the first byte is serviced. Nor- 
mally, the Interrupt Pending (IP) bit is set and 
an interrupt is generated when data is shifted 
into the Input register (input port) or out of the 
Output register (output port). For input and 
output ports, the IP is automatically cleared 
when the data is read or written. In bidirec- 
tional ports, IP is cleared only by command. 



36 



;,„,/r,^£j:;:- 



Functional Description (Continued) 

When the Interrupt on Two Bytes (ITB) control 
bit is set to 1 , interrupts are generated only 
when two bytes of data are available to be read 
or written. This allows a minimum of 16 bits of 
information to be transferred on each inter- 
rupt. With ITB set, the IP is not automatically 
cleared until the second byte of data is read 
or written. 

When the Single Buffer (SB) bit is set to 1, 
the port acts as if it is only single-buffered. 
This is useful if the handshake line must be 
stopped on a byte-by-byte basis. 

Ports A and B can be linked to form a 16-bit 
port by programming a 1 in the Port Link Con- 
trol (PLC) bit. In this mode, only Port A's 
Handshake Specification and Command and 
Status registers are used. Port B must be 
specified as a bit port. When linked, only Port 
A has pattern-match capability. Port B's 
pattern-match capability must be disabled. 
Also, when the ports are linked. Port B's Data 
register must be read or written before 
Port A's. 

When a port is specified as a port with hand- 
shake, the type of port it is (input, output, or 
bidirectional) determines the direction of data 
flow. The data direction for the bidirectional 
port is determined by a bit in Port C (Table I) 
In all cases, the contents of the Data Direction 
register are ignored. The contents of the 



Special I/O Control register apply only to out- 
put bits (3-state or open-drain). Inputs may not 
have I's catchers; therefore, those bits in the 
Special I/O Control register are ignored. Port 
C lines used for handshake should be pro- 
grammed as inputs. The handshake specifica- 
tion overrides Port C's Data Direction register 
for bits that must be outputs. The contents of 
Port C's Data Path Polarity register still apply. 

Interlocked Handshake. In the Interlocked 
Handshake mode, the action of the CIO must 
be acknowledged by the external device 
before the next action can take place. Figure 7 
shows timing for Interlocked Handshake. An 
output port does not indicate that new data is 
available until the external device indicates it 
is ready for the data. Similarly, an input port 
does not indicate that it is ready for new data 
until the data source indicates that the 
previous byte of the data is no longer 
available, thereby acknowledging the input 
port's acceptance of the last byte. This allows 
the CIO to interface directly to the port of a Z8 
microcomputer, a UPC, an FIO, an FIFO, or 
to another CIO port with no external logic. 

A 4-bit deske w time r can be inserted in the 
Data Available (DAV) output for output ports. 
As data is transferred to the Buffer register, 
the deskew timer is triggered. After the 
number of PCLK cycles specified by the 



Port A/B Configuration 
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PCi 


PCo 


Ports A and B: Bit Ports 


Bit I/O 


Bit I/O 


Bit I/O 


Bit I/O 


Port A: Input or Output Port 
(Interlocked, Strobed, or Pulsed 
Handshake)* 


RFD or DAV 


ACKIN 


REQUEST/WAIT 
or Bit I/O 


Bit I/O 


Port B: Input or Output Port 
(Interlocked, Strobed, or Pulsed 
Handshake)* 


REQUEST/WAIT 
or Bit I/O 


Bit I/O 


RFD or DAV 


ACKIN 


Port A or B: Input Port (3-Wire 
Handshake) 


RFD (Output) 


DAV (Input) 


REQUEST/WAIT 
or Bit I/O 


DAC (Output) 


Port A or B: Output Port (3-Wire 
Handshake) 


DAV (Output) 
RFD or DAV 


DAG (Input) 


REQUEST/V\^AIT 
or Bit I/O 

REQUEST/WAIT 
or Bit I/O 


RFD (Input) 


Port A or B: Bidirectional Port 
(Interlocked or Strobed Handshake) 


ACKIN 


IN/OUT 



*Both Ports A and B can be specified input or output with Interlocked, Strobed, or Pulsed Handshake at the same time if neither uses 
REQUEST/WAIT. 

Table 1. Port C Bit Utilization 
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Functional Description (Continued) 

deskew timer time constant plus one, DAV is 
allowed to go Low. The deskew timer therefore 
guarantees that the output data is valid for a 
specified minimum amount of time before DAV 
goes Low. Deskew timers are available for out- 
put ports independent of the type of handshake 
employed. 

Strobed Handshake. In the Strobed Hand- 
shake mode, data is ''strobed" into or out of 
the port by the external log ic. The falling edge 
of the Acknowledge Input (ACKIN) strobes 
data into or out of the port. Figure 7 shows 
timing for the Strobed Handshake. In contrast 
to the Interlocked handshake, the signal 
indicating the port is ready for another data 
transfer operates independently of the ACKIN 
input. It is up to the external logic to ensure 
that data overflows or underflows do not occur. 

3-Wire Handshake. The 3- Wire Handshake is 
designed for the situation in which one output 
port is communicating with many input ports 
simultaneously. It is essentially the same as the 
Interlocked Handshake, except that two signals 
are used to indicate if an input port is ready 
for new data or if it has accepted the present 
data. In the 3-Wire Handshake (Figure 8), the 
rising edge of one status line indicates that the 
port is ready for data, and the rising edge of 
another status line indicates that the data has 
been accepted. With the 3-Wire Handshake, 
the output lines of many input ports can be 
bussed together with open-drain drivers; the 



output port knows when all the ports have 
accepted the data and are ready. This is the 
same handshake as is used on the IEEE-488 
bus. Because this handshake reguires three 
lines, only one port (either A or B) can be a 
3-Wire Handshake port at a time. The 3-Wire 
Handshake is not available in the bidirectional 
mode. Because the port's direction can be 
changed under software control, however, 
bidirectional IEEE-488-type transfers can be 
performed. 

Pulsed Handshake. The Pulsed Handshake 
(Figure 9) is designed to interface to 
mechanical-type devices that reguire data to 
be held for long periods of time and need 
relatively wide pulses to gate the data into or 
out of the device. The logic is the same as the 
Interlocked Handshake mode, except that an 
internal counter/timer is linked to the hand- 
shake logic. If the port is specified in the input 
mode, the ti mer is in serted in the ACKIN path. 
The external ACKIN input triggers the timer 
and its output is used as the Interlocked Hand- 
shake's normal acknowledge input. If the port 
is an output por t, the timer is placed in the 
Data Available (DAV) output path. The timer is 
trigge red w hen the normal Interlocked Hand- 
shake DAV output goes Low a nd the timer out- 
put is used as the actual DAV output. The 
counter/timer maintains all of its normal 
capabilities. This handshake is not available to 
bidirectional ports. 
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Figure 7. Interlocked and Strobed Handshakes 
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Functional Description (Continued) 
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REQUEST/ WAIT Line Operation. 

be programmed to provide a status signal out- 
put in addition to the normal handshake lines 
for either Port A or B when used as a port with 
handshake. T he add itional signal is either a 
REQUEST or WAIT signal. The REQUEST 
signal indicates when a port is ready to per- 
form a data transfer via the CPU interface. It is 
intended for use with a DMA-type device. The 
WAIT signal provides synchronization for 
transfers with a CPU. Three bits in the Port 
Handshake Specificati on regi ster provide con- 
trols for the REQUEST/WAIT logic. Because 
the extra Port C line- is used, only one port can 
be specifie d as a port with a handshake and a 
REQUEST/WAIT line. The other port must be 
a bit port. 

Operation of the REQUEST line is modified 
by the state of the port's Interrupt on Two 
Bytes (ITB) control bit. When ITB is 0, the 
REQUEST line goes active as soon as the CIO 
is ready for a data transfer. If ITB is 1, 
REQUEST does not go active until two bytes 
can be transferred. REQUEST stays active as 
long as a byte is available to be read or 
written. 

The SPECIAL REQUEST function is reserved 
for use with bidirectional ports only. In this 
case, the REQUEST line indicates the status of 
the register not bei ng us ed in the data path at 
that time. If the IN/OUT line is High, the 
REQUEST line is High when the Output 
register is empty. If IN/OUT is Low, the 
REQUEST line is High when the Input register 
is full. 



Figure 8. 3- Wire Handshake 

Port C can 



NEXT BYTE 

SHIFTED FROM 

OUTPUT REGISTER TO 

BUFFER REGISTER 



Pattern-Recognition Logic Operation. Both 
Ports A and B can be programmed to generate 
interrupts when a specific pattern is recog- 
nized at the port. The pattern-recognition logic 
is independent of the port application, thereby 
allowing the port to recognize patterns in all of 
its configurations. The pattern can be indepen- 
dently specified for each bit as 1, 0, rising 
edge, falling edge, or any transition. Indi- 
vidual bits may be masked off. A pattern- 
match is defined as the simultaneous satisfac- 
tion of all nonmasked bit specifications in the 
AND mode or the satisfaction of any non- 
masked bit specifications in either of the OR or 
OR-Priority Encoded Vector modes. 



OUTPUT PORT 



-i>°-D- 



Figure 9. Pulsed Handshake 

The pattern specified in the Pattern Defini- 
tion register assumes that the data path is pro- 
grammed to be noninverting. If an input bit in 
the data path is programmed to be inverting, 
the pattern detected is the opposite of the one 
specified. Output bits used in the pattern- 
match logic are internally sampled before the 
invert/noninvert logic. 
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Functional Description (Continued) 

Bit Port Pattern-Recognition Operations. Dur- 
ing bit port operations, pattern-recognition 
may be performed on all bits, including those 
used as I/O for the counter/timers. The input 
to the pattern-recognition logic follows the 
value at the pins (through the invert/noninvert 
logic) in all cases except for simple inputs with 
I's catchers. In this case, the output of the I's 
catcher is used. When operating in the AND 
or OR mode, it is the transition from a no- 
match to a match state that causes the inter- 
rupt. In the ''OR" mode, if a second m.atch 
occurs before the first match goes away, it 
does not cause an interrupt. Since a match 
condition only lasts a short time when edges 
are specified, care must be taken to avoid 
losing a match condition. Bit ports specified in 
the OR-Priority Encoded Vector mode generate 
interrupts as long as any match state exists. A 
transition from a no-match to a match state is 
not required. 

The pattern-recognition logic of bit ports 
operates in two basic modes: transparent and 
latched. When the Latch on Pattern Match 
(LPM) bit is set to (Transparent mode), the 
interrupt indicates that a specified pattern has 
occurred, but a read of the Data register does 
not necessarily indicate the state of the port at 
the time the interrupt was generated. In the 
Latched mode (LPM= 1), the state of all the 
port inputs at the time the interrupt was 
generated is latched in the input register and 
held until IP is cleared. In all cases, the PMF 
indicates the state of the port at the time it is 
read. 

If a match occurs while IP is already set, an 
error condition exists. If the Interrupt On Error 
bit (lOE) is 0, the match is ignored. However, 
if lOE is I after the first IP is cleared, it is 
automatically set to 1 along with the Interrupt 
Error (ERR) flag. Matches occurring while ERR 
is set are ignored. ERR is cleared when the 
corresponding IP is cleared. 

When a pattern-match is present in the OR- 
Priority Encoded Vector mode, IP is set to 1 . 
The IP cannot be cleared until a match is no 
longer present. If the interrupt vector is allow- 
ed to include status, the vector returned dur- 



ing Interrupt Acknowledge indicates the 
highest priority bit matching its specification at 
the time of the Acknowledge cycle. Bit 7 is the 
highest priority and bit is the lowest. The bit 
initially causing the, interrupt may not be the 
one indicated by the vector if a higher priority 
bit matches before the Acknowledge. Once the 
Acknowledge cycle is initiated, the vector is 
frozen until the corresponding IP is cleared. 
Where inputs that cause interrupts might 
change before the interrupt is serviced, the I's 
catcher can be used to hold the value. 
Because a no-match to match transition is not 
required, the source of the interrupt must be 
cleared before IP is cleared or else a second 
interrupt is generated. No error detection is 
performed in this mode, and the Interrupt On 
Error bit should be set to 0. 

Ports with Handshake Pattern-Recognition 
Operation. In this mode, the handshake logic 
normally controls the setting of IP and, 
therefore, the generation of interrupt requests. 
The pattern-match logic controls the Pattern- 
Match Flag (PMF). The data is compared with 
the match pattern when it is shifted from the 
Buffer register to the Input register (input port) 
or when it is shifted from the Output register to 
the Buffer register (output port). The pattern 
match logic can override the handshake logic 
in certain situations. If the port is programmed 
to interrupt when two bytes of data are 
available to be read or written, but the first 
byte matches the specified pattern, the 
pattern-recognition logic sets IP and generates 
an interrupt. While PMF is set, IP cannot be 
cleared by reading or writing the data 
registers. IP must be cleared by command. 
The input register is not emptied while IP is 
set, nor is the output register filled until IP is 
cleared. 

If the Interrupt on Match Only (IMO) bit is 
set, IP is set only when the data matches the 
pattern. This is useful in DMA-type application 
when interrupts are required only after a block 
of data is transferred. 

Counter/ Timer Operation. The three 
independent 16-bit counter/timers consist of a 
presettable 16-bit down counter, a 16-bit Time 
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Functional Description (Continued) 

Constant register, a 16-bit Current Counter 
register, an 8-bit Mode Specification register, 
an 8-bit Command and Status register, and the 
associated control logic that links these registers, 



Function 


C/Ti 


C/T2 


C/T3 


Counter/Timer Output 


PB4 


PBO 


PCO 


Counter Input 


PBS 


PB 1 


PC 1 


Trigger Input 


PB6 


PB2 


PC 2 


Gate Input 


PB7 


PB3 


PC 3 



Table 2. Counter/ Timer External Access 

The flexibility of the counter/timers is 
enhanced by the provision of up to four lines 
per counter/timer (counter input, gate input, 
trigger input, and counter/timer output) for 
direct external control and status. Counter/ 
Timer I's external I/O lines are provided by 
the four most significant bits of Port B. 
Counter/Timer 2's are provided by the four 
least significant bits of Port B. Counter/Timer 
3's external I/O lines are provided by the four 
bits of Port C. The utilization of these lines 
(Table 2) is programmable on a bit-by-bit basis 
via the Counter/Timer Mode Specification 
registers. 

When external counter/timer I/O lines are 
to be used, the associated port lines must be 
vacant and programmed in the proper data 



direction. Lines used for counter/timer I/O 
have the same characteristics as simple input 
lines. They can be specified as inverting or 
noninverting; they can be read and used with 
the pattern-recognition logic. They can also 
include the I's catcher input. 

Counter/Timers 1 and 2 can be linked inter- 
nally in three different ways. Counter/Timer 
I's output (inverted) can be used as Counter/ 
Timer 2's trigger, gate, or counter input. 
When linked, the counter/timers have the 
same capabilities as when used separately. The 
only restriction is that when Counter/Timer 1 
drives Counter/Timer 2's count input, 
Counter/Timer 2 must be programmed with 
its external count input disabled. 

There are three duty cycles available for the 
timer/counter output: pulse, one-shot, and 
square-wave. Figure 10 shows the counter/ 
timer waveforms. When the Pulse mode 
is speciiied, the output goes High for one 
clock cycle, beginning when the down- counter 
leaves the count of 1. In the One-Shot mode, 
the output goes High when the counter/timer is 
triggered and goes Low when the down- 
counter reaches 0. When the square- wave out- 
put duty cycle is specified, the counter/timer 
goes through two full sequences for each 
cycle. The initial trigger causes the down- 
counter to be loaded and the normal count- 
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Figure 10. Counter/Timer Waveforms 
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Functional Description (Continued) 

down sequence to begin. If a 1 count is 
detected on the down-counter's clocking edge, 
the output goes High and the time constant 
value is reloaded. On the clocking edge, when 
both the down-counter and the output are I's, 
the output is pulle d back Low. ■ 

The ContinuouS'/Single Cycle (C/SC) bit in 
the Mode Specification register controls opera- 
tion of the down- counter when it reaches ter- 
minal count. If C/SC is when a terminal 
count is reached^ the countdown sequence 
stops. If the C/SC bit is 1 each time the count- 
down counter reaches 1, the next cycle causes 
the time constant value to be reloaded. The 
time constant value may be changed by the 
CPU, and on reload, the new time constant 
value is loaded. 

Counter/timer operations require loading the 
time constant value in the Time Constant 
register and initiating the countdown sequence 
by loading the down-counter with the time 
constant value. The Time Constant register is 
accessed as two 8-bit registers. The registers 
are readable as well as writable, and the 
access order is irrelevant. A in the Time 
Constant register specifies a time constant of 
65,536. The down-counter is loaded in one of 
three ways: by writing a 1 to the Trigger Com- 
mand Bit (TCB) of the Command and Status 
register, on the rising edge of the external 
trigger input, or, for Counter/Timer 2 only, on 
the rising edge of Counter/Timer I's internal 
output if the counters are linked via the trigger 
input. The TCB is write-only, and read always 
returns 0. 

Once the down-counter is loaded, the count- 
down sequence continues toward terminal 
count as long as all the counter/timers' hard- 
ware and software gate inputs are High. If any 
of the gate inputs goes Low (0), the countdown 
halts. It resumes when all gate inputs are 1 
again. 

The reaction to triggers occurring during a 
countdown sequence is determined by the state 
of the Retrigger Enable Bit (REB) in the Mode 
Specification register. If REB is 0, retriggers 
are ignored and the countdown continues nor- 
mally. If REB is I, each trigger causes the 



down-counter to be reloaded and the count- 
down sequence starts over again. If the output 
is programmed in the Square-Wave mode, 
retrigger causes the sequence to start over 
from the initial load of the time constant. 

The rate at which the down-counter counts is 
determined by the mode of the counter/timer. 
In the Timer mode (the External Count Enable 
[ECEl bit is 0), the down-counter is clocked 
internally by a signal that is half the frequency 
of the PCLK input to the chip. In the Counter 
mode (ECE is 1), the down-counter is decre- 
mented on the rising edge of the counter/ 
timer's counter input. 

Each time the counter reaches terminal 
count, its Interrupt Pending (IP) bit is set to 1, 
and if interrupts are enabled (IE= 1), an inter- 
rupt is generated. If a terminal count occurs 
while IP is already set, an internal error flag is 
set. As soon as IP is cleared, it is forced to 1 
along with the Interrupt Error (ERR) flag. 
Errors that occur after the internal flag is set 
are ignored. 

The state of the down-counter can be deter- 
mined in two ways: by reading the contents of 
the down-counter via the Current Count 
register or by testing the Count In Progress 
(CIP) status bit in the Command and Status 
register. The CIP status bit is set when the 
down-counter is loaded; it is reset when the 
down-counter reaches 0. The Current Count 
register is a 16-bit register, accessible as two 
8-bit registers, which mirrors the contents of 
the down-counter. This register can be read 
anytime. However, reading the register is 
asynchronous to the counter's counting, and 
the value returned is valid only if the counter 
is stopped. The down-counter can be reliably 
read "on the fly" by the first writing of a 1 to 
the Read Counter Control (RCC) bit in the 
counter/timer's Command and Status register. 
This freezes the value in the Current Count 
register until a read of the least significant 
byte is performed. 

Interrupt Logic Operation. The CIO has five 
potential sources of interrupts: the three 
counter/timers and Ports A and B. The 
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Functional Description (Continued) 

priorities of these sources are fixed in the 
following order: Counter/Timer 3, Port A, 
Counter/Timer 2, Port B, and Counter/Timer 
1. Since the counter/timers all have equal 
capabilities and Ports A and B have equal 
capabilities, there is no adverse impact from 
the relative priorities. 

The CIO interrupt priority, relative to other 
components within the system, is determined 
by an interrupt daisy chain. Two pins. Inter- 
rupt Enable In (lEI) and Interrupt Enable Out 
(lEO), provide the input and output necessary 
to implement' the daisy chain. When lEI is 
pulled Low by a higher priority device, the 
CIO cannot request an interrupt of the CPU. 
The following discussion assumes that the lEI 
line is High. 

Each source of interrupt in the CIO contains 
three bits for the control and status of the 
interrupt logic: an Interrupt Pending (IP) 
status bit, an Interrupt Under Service (lUS) 
status bit, and an Interrupt Enable (IE) control 
bit. IP is set when an event requiring CPU 
intervention occurs. T he s etting of IP results in 
forcing the Interrupt (INT) output Low, if the 
associated IE is I. 

The lUS status bit is set as a result of the 
Interrupt Acknowledge cycle by the CPU and 
is set only if its IP is of highest priority at the 
time the Interrupt Acknowledge commences. 
It can also be set directly by the CPU. Its 
primary function is to control the interrupt 
daisy chain. When set, it disables lower prior- 
ity sources in the daisy chain, so that lower 
priority interrupt sources do not request ser- 
vicing while higher priority devices are being 
serviced. 

The IE bit provides the CPU with a means of 
masking off individual sources of interrupts. 
When IE is set to 1, interrupt is generated nor- 
mally. When IE is set to 0, the IP bit is set 
when an event occurs that wo uld n ormally 
require service; however, the INT output is not 
forced Low. 



The Master Interrupt Enable (MIE) bit allows 
all sources of interrupts within the CIO to be 
disabled without having to individually set 
each IE to 0. If MIE is set to 0, all IPs are 
masked off and no interrupt can be requesteti 
• or acknowledged. The Disable Lower Chain 
(DLC) bit is included to allow the CPU to 
modify the system daisy chain. When the DLC 
bit is set to 1, the CIO's lEO is forced Low, 
independent of the state of the CIO or its lEI 
input, and all lower priority devices' interrupts 
are disabled. 

As part of the Interrupt Acknowledge cycle, 
the CIO is capable of responding with an 8-bit 
interrupt vector that specifies the source of the 
interrupt. The CIO contains three vector 
registers: one for Port A, one for Port B, and 
one shared by the three counter/timers. The 
vector output is inhibited by setting the No 
Vector (NV) control bit to I . The vector output 
can be modified to include status information 
to pinpoint more precisely the cause of inter- 
rupt. Whether the vector includes status or not 
is controlled by a Vector Includes Status (VIS) 
control bit. Each base vector has its own VIS 
bit and is controlled independently. When 
MIE = 1 , reading the base vector register 
always includes status, independent of the 
state of the VIS bit. In this way, all the infor- 
mation obtained by the vector, including 
status, can be obtained with one additional 
instruction when VIS is set to 0. When 
MIE = 0, reading the vector register returns 
the unmodified base vector so that 'it can be 
verified. Another register, the Current Vector 
register, allows use of the CIO in a polled en- 
vironment. When read, the data returned is 
the same as the interrupt vector that would be 
output in an acknowledge, based on the 
highest priority IP set. If no unmasked IPs are 
set, the value FFh is returned. The Current 
Vector register is read-only. 
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Programming 

The data registers within the CIO are 
directly accessed by address Unes Aq and Ai 
(Table 3). All other internal registers are 
accessed by the following two-step sequence, 
with the address lines specifying a control 
operation. First, write the address of the target 
register to an internal 6-bit Pointer Register; 
then read from or write to the target register. 
The Data registers can also be accessed by 
this method. 

An internal state machine determines if 
accesses with Aq and A] equalling 1 are to the 
Pointer Register or to an internal control 
register (Figure 11). Following any control 
read operation, the state machine is in State 
(the next control access is to the Pointer 
Register). This can be used to force the state 
machine into a known state. Control reads in 
State return the contents of the last register 



pointed to. Therefore, a register can be read 
continuously without writing to the Pointer. 
While the CIO is in State 1 (next control 
access is to the register pointed to), many 
internal operations are suspended — no IPs are 
set and internal status is frozen. Therefore, to 
minimize interrupt latency and to allow con- 
tinuous status updates, the CIO should not be 

left in State 1 . 

The CIO is reset by forcing RD and WR Low 
simultaneously (normally an illegal condition) 
or by writing a 1 to the Reset bit. Reset 
disables all functions except a read from or 
write to the Reset bit; writes to all other bits 
are ignored, and all reads return 01 h- In this 
state, all control bits are forced to and may 
be programmed only after clearing the Reset 
bit (by writing a to it). 



Ao 





1 

1 

1 1 



Register 



Port C's Data Register 
Port B's Data Register 
Port A's Data Register 
Control Registers 




/ 



WRITE (TO POINTER) 

NOTE: State changes occur only when Aq = Aj = 1. No other 
accesses have effect. 



Table 3. Register Selection 



Figure 11. State Machine Operation 
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Registers 



Master Interrupt Control Register 

Address: 000000 
(Read/Write) 

I D7 I De I Ds I D4 I D3 I D; I D, } Dp j 



MASTER INTERRUPT 
ENABLE (MIE) 

DISABLE LOWER CHAIN (DLC) - 

NO VECTOR (NV) - 



J 



I 



RESET 

NOT USED (READ RETURNS 1) 

- COUNTERrriMERS VECTOR 
INCLUDES STATUS (CT VIS) 



Master Configuration Control Register 

Address: 000001 
(Read/Write) 



j Dy j Dg [ Ds I D4 I D3 [ D; j Di I Dp I 

J 



PORT C AND COUNTER/ - 
TIMER 3 ENABLE 
(PCE AND CT3E) 



COUNT ER/TIME RS INDEPENDENT 
C/T 1's OUTPUT GATES C/T 2 
C/T 1's OUTPUT TRIGGERS C/T 2 
C/T 1's OUTPUT IS C/T 2's 
COUNT INPUT 



PORT A ENABLE (PAE) 

PORT LINK CONTROL (PLC) 

= PORTS A AND B OPERATE INDEPENDENTLY 

1 = PORTS A AND B ARE LINKED 



Figure 12. Master Control Registers 
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Registers (Continued) 



Port Mode Specification Registers 

Addresses: 001000 Port A 
001001 Port B 
(Read/Partial Write) 

I D7 I Ds I Ds [ D^ [ D3 I D; [ D, I Dp j 



PORT TYPE 
SELECTS (PTS) 
PTS1 PTS2 
6 BIT PORT 



^ 



1 



INPUT PORT 
OUTPUT PORT 
BIDIRECTIONAL 
PORT 



Port Command and Status Registers 

Addresses: 100001 Port A 
101001 Port B 
(Read/Write) 

|d,|Ds[d5|d4|d3JD2|Di|d7| 



SINGLE BUFFERED - 
MODE (SB) 



L 



LATCH ON PATTERN MATCH (LPM) 
(BIT MODE) 

DESKEW TIMER ENABLE (DTE) 
(HANDSHAKE MODES) 

- PATTERN MODE SPECIFICATION 
BITS (PMS) 

PMS1 PMSO 

DISABLE PATTERN MATCH 

1 "AND"MODE 

1 "OR" MODE 

1 1 "ORPRIORITY ENCODED 

VECTOR" MODE 

- INTERRUPT ON MATCH ONLY (IMO) 



J 



INTERRUPT ENABLE (IE) - 



INTERRUPT PENDING (IP) — 

lUS, IE AND IP ARE 
WRITTEN USING THE 
FOLLOWING COMMAND: 
D7 Oe Ds 

6 NULL CODE 
1 CLEAR IP & lUS 
1 SETIUS 

1 1 CLEAR lUS 

1 SET IP 

1 1 CLEAR IP 
1 1 SET IE 
1 1 1 CLEAR IE 



INTERRUPT ERROR (ERR) - 
(READ ONLY) 



L 



INTERRUPT ON ERROR (lOE) 



Port Handshake Specification Registers 

Addresses: 100000 Port A 
101000 Port B 
(Read/Write) 



HANDSHAKE TYPE SPECIFICATION 
BITS (HST) 
HST1 HSTO 
INTERLOCKED HANDSHAKE 

1 STROBED HANDSHAKE 

1 PULSED HANDSHAKE 

1 1 THREE-WIRE HANDSHAKE 



I D7 I Dg [ D5 I D4 I D3 [ D; I D, } Dp I 

IT' 



REQUEST/WAIT SPECIFICATION BITS 

(RWS) 
RWS2 RWS1 RWSO FUNCTION 

REQUES T/WAI T DISABLED 

1 OUTPUT WAIT 

1 1 INPUT WAIT 

1 SPECIAL REQUEST 
1 1 OUTPUT REQUEST 
1 1 1 INPUT REQUEST 



DESKEW TIME SPECIFICATION 
BITS SPECIFIES THE MSB's OF 
DESKEW TIMER TIME CONSTANT. 
LSB IS FORCED 1. 



Figure 13. Port Specification Registers 
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Registers (Continued) 



Data Path Polarity Registers 

Addresses: 100010 Port A 
101010 Port B 

000101 Port C (4 LSBs only) 
(Read/Write) 



K 



De D5 D4 O3 



Data Direction Registers 

Addresses: 100011 Port A 
101011 Ports 

000110 Porte (4 LSBs only) 
(Read/Write) 

I Dy [ Dg I Ds I D4 j D3 I D; I D, j dT] 



DATA PATH POLARITY (DPP) 
= NON-INVERTING 
1= INVERTING 



■ DATA DIRECTION (DD) 
= OUTPUT BIT 
1= INPUT BIT 



Special I/O Control Registers 

Addresses: 100100 Port A 
101100 Port B 

000111 Port C (4 LSBs only) 
(Read/Write) 



SPECIAL INPUT/OUTPUT (SIO) 

= NORMAL INPUT OR OUTPUT 

1 = OUTPUT WITH OPEN DRAIN OR 

INPUT WITH 1's CATCHER 



Figure 14. Bit Path Definition Registers 



Port Data Registers 

Addresses: 001101 Port A* 
001110 Port B* 
(Read/Write) 

I D, I Ds [ D5 I D, I D3 I D2 I D, [ Dp I 



* These registers can be 
addressed directly. 



Port C Data Register 

Address: 001111* 
(Read/Write) 



D, 1 De 1 Ds { D4 1 D3 1 D^ i D, I Do 1 




1 




1 t ^ 























4MSBS 

I = WRITING OF CORRESPONDING LSB ENABLED 

= WRITING OF CORRESPONDING LSB INHIBITED 

(READ RETURNS 1) 



Figure 15. Port Data Registers 
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Registers (Continued) 



Pattern Polarity Registers (PP) 

Addresses: 100101 Port A 
101101 PortB 
(Read/Write) 



Pattern Transition Registers (PT) 

Addresses: 1001 10 Port A 
101110 PortB 
(Read/Write) 



Pattern Mask Registers (PM) 

Addresses: 100111 Port A 
101111 PortB 
(Read/Write) 



D7 I Ds I D; I D4 I D3 I Da I Di I D 
D7 [ Ds I D5 I D4 [ D3 I D; I Di I D 
D, I D« I D J D J D, I Do i D J D 



PM PT PP PATTERN SPECIFICATION 

X BIT MASKED OFF 

1 X ANY TRANSITION 

1 ZERO 
1 1 ONE 

1 1 ONE-TO ZERO TRANSITION 0-) 

1 1 1 ZERO-TO-ONE TRANSITION (/) 



Figure 16. Pattern Definition Registers 



Counter/Timer Command and Status Registers 

Addresses: 01 1 100 Counter/Timer 1 
011101 Counter/Timer 2 
011110 Counter/Timer 3 
(Read/Write) 



i Dg Dj ; D4 1 D3 I Dj 



NULL CODE 

CLEAR IP & lUS 

SET lUS 

CLEAR lUS 

SET IP 

CLEAR IP 

SET IE 

CLEAR IE 



J 

1 

1 1 

1 1 





1 


1 


1 1 


1 


1 1 


1 1 


1 1 1 



- TRIGGER COMMAND BIT (TCB) 
(WRITE ONLY • READ RETURNS 0) 



- READ COUNTER CONTROL (RCC) 
(READ/SET ONLY - 
CLEARED BY READING CCR LSB) 



Figure 17. Counter/Timer Registers 
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Registers (Continued) 



Counter/Timer Mode Specification Registers 

Addresses: 001010 Counter/Timer 1 
001011 Counter/Timer 2 
001100 Counter/Timer 3 
(Read/Partial Write) 



ni 



OUTPUT DUTY CYCLE 
SELECTS (DCS) 

DSC1 DCSO 
PULSE OUTPUT 

1 ONE-SHOT OUTPUT 

1 SQUARE-WAVE OUTPUT 
1 1 DO NOT SPECIFY 

RETRIGGER ENABLE BIT (REB) 

EXTERNAL GATE ENABLE (EGE) 



Counter/Timer Current Count Registers 

Addresses: 010000 Counter/Timer I's MSB 
010001 Counter/Timer I's LSB 

010010 Counter/Timer 2's MSB 

010011 Counter/Timer 2's LSB 

010100 Counter/Timer 3's MSB 

010101 Counter/Timer 3's LSB 
(Read Only) 



I Dj ! D, I 



: D5 ! D4 i D3 : Dj 



MOST - 
SIGNIFICANT 
BYTE 



- LEAST 
SIGNIFICANT 
BYTE 



Counter/Timer Time Constant Registers 

Addresses: 0101 10 Counter/Timer I's MSB 
010111 Counter/Timer I's LSB 

011000 Counter/Timer 2's MSB 

011001 Counter/Timer 2's LSB 

011010 Counter/Timer 3's MSB 

011011 Counter/Timer 3's LSB 
(Read/Write) 

j D7 ! Dfi I D5 { D4 j D3 I D; j D, } Dp I D7 ' De ! D5 ! D4 i D3 j D; '} Di i Dp | 



MOST - 
SIGNIFICANT 
BYTE 



LEAST 

SIGNIFiCANT 

BYTE 



Figure 17. Counter/Timer Registers (Continued) 
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RegisS»ters (Continued) 



Interrupt Vector Register 

Addresses: 000010 Port A 
000011 PortB 
000100 Counter/Timers 
(Read/Write) 



Current Vector Register 

Address: 011111 
(Read only) 

I D7 } Dfi [ Ds [ D4 I D3 I Dz I Di I Dp I 



I D7 j Ds I D5 I D4 ] D3 I Dz i Di I Dp I 



- INTERRUPT VECTOR 



INTERRUPT VECTOR BASED 
ON HIGHEST PRIORITY 
UNMASKED IP. 
IN NO INTERRUPT PENDING 
ALL 1'8 OUTPUT. 



PORT VECTOR STATUS 

PRIORITY ENCODED VECTOR MODE: 
D3 D2 Dj 



ALL OTHER MODES: 
D3 D2 Di 

ORE IRF PMF NORMAL 
ERROR 

COUNTER/TIMER STATUS 
D2 Di 

err 3 

1 err 2 
10 cu ^ 

1 1 ERROR 



Figure 18. Interrupt Vector Registers 
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Register Address Summary 

Main Control Registers 

Address 

(AD7-AD0) Register Name 

OOOOOOXX Master Interrupt Control 

000001 XX Master Configuration Control 

0000 lOXX Port A's Interrupt Vector 
00001 1 XX Port B's Interrupt Vector 
OOOIOOXX Counter/Timer's Interrupt Vector 
000101 XX Port C's Data Path Polarity 

0001 lOXX Port C's Data Direction 
0001 1 IXX Port C's Special I/O Control 



Counter/Timer Related Registers (Continued) 

Address 

(AD7-AD0) Register Name 

01 lOOOXX Counter/Timer 2's Time Constant-MSBs 

01 100 IXX Counter/Timer 2's Time Constant-LSBs 

01 lOlOXX Counter/Timer 3's Time Constant-MSBs 

01 101 IXX Counter/Timer 3's Time Constant-LSBs 

OlllOOXX Counter/Timer I's Mode Specification 

01 1 101 XX Counter/Timer 2's Mode Specification 

01 1 1 lOXX Counter/Timer 3's Mode Specification 

OlllllXX Current Vector 





Most Often Accessed Registers 




Port A Specification Registers 


Address 




Address 




(AD7-AD0) 


Register Name 


(AD7-AD0) 


Register Name 


OOIOOOXX 


Port A's Command and Status 


lOOOOOXX 


Port A's Mode Specification 


OOIOOIXX 


Port B's Command and Status 


10000 IXX 


Port A's Handshake Specification 


OOIOIOXX 


Counter/Timer I's Control 


lOOOlOXX 


Port A's Data Path Polarity 


00101 IXX 


Counter/Timer 2's Control 


10001 IXX 


Port A's Data Direction 


OOllOOXX 


Counter/Timer 3's Control 


lOOlOOXX 


Port A's Special I/O Control 


OOllOlXX 


Port A's Data (can be accessed directly) 


lOOlOlXX 


Port A's Pattern Polarity 


OOlllOXX 


Port B's Data (can be accessed directly) 


1001 lOXX 


Port A's Pattern Transition 


001 11 IXX 


Port C's Data (can be accessed directly) 


10011 IXX 


Port A's Pattern Mask 



Address 
(AD7-AD0) 

OlOOOOXX 
OIOOOIXX 
OIOOIOXX 
01001 IXX 
OIOIOOXX 
OIOIOIXX 
OlOllOXX 
OlOlllXX 



Counter/Timer Related Registers 



Register Name 

Counter/Timer I'l 
Counter/Timer 1 
Counter/Timer 2'i 
Counter/Timer 2': 
Counter/Timer 3'; 
Counter/Timer 3' 
Counter/Timer 1'; 
Counter/Timer 1'; 



s Current Count- 
s Current Count- 
Current Count- 
s Current Count- 
s Current Count- 
s Current Count 
s Time Constant- 
s Time Constant- 



MSBs 
LSBs 
MSBs 
LSBs 
MSBs 
•LSBs 
MSBs 
LSBs 



Address 
(AD7-AD0) 

lOlOOOXX 
lOlOOlXX 
lOlOlOXX 
lOlOllXX 
lOllOOXX 
lOUOlXX 
lOlllOXX 
lOUllXX 



Port B Specification Registers 

Register Name 

Port B's Mode Specification 
Port B's Handshake Specification 
Port B's Data Path Polarity 
Port B's Data Direction 
Port B's Soecial I/O Control 
Port B's Pattern Polarity 
Port B's Pattern Transition 
Port B's Pattern Mask 
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Timing 

Read Cycle. At the beginning of a read cycle, 
the CPU places an address on the address bus. 
Bits Aq and Ai specify a CIO register; the 
remaining address bits and status information 
are combined and decoded to generate a Chip 
Enable (CE) signal that selects the CIO. When 
Read (RD) goes Low, data from the specified 
register is gated onto the data bus. 



Write Cycle. At the beginning of a write 
cycle, the CPU places an address on the data 
bus. Bits Aq and Ai specify a CIO register; the 
remaining address bits and status information 
are combined and decoded to generate a Chip 
Ena ble (CE) signal that selects the CIO. When 
WR goes Low, data placed on the bus by the 
CPU is strobed into the specified CIO register. 



Ao-Ai 


X 


ADDRESS VALID 


X 










CE 


\ 


/ 






"A 




RD 




_y 



— ^ READ DATA ^— 



WRITE DATA 



Ao-Ai 


Y ADDRESS VALID 


X 








CE 


\ 


/ 




WR 


\ 


_y 



Figure 19. Read Cycle Timing 



Figure 20. Write Cycle Timing 



Interrupt Acknowl edg e. The CIO pulls its 
Interrupt Request (INT) line Low, requesting 
interrupt service from the CPU, if an Interrupt 
Pending (IP) bit is set and interrupts are 
enabled. The CPU responds with an Interrupt 
Ackno wledge c ycle. When Interrupt Acknowl- 
edge (INTACK) goes true and the IP is set, the 



CIO forces Interrupt Enable Out (lEO) Low, 
disabling all lower priority devices in the inter- 
rupt daisy chain. If the CIO is the highest 
priority device requesting service (lEI is 
High), it places its interrupt vector on the data 
bus and sets the Interrupt Under Service (lUS) 
bit when Read (RD) goes Low. 



A. 



-i/^ 






J~ 



J~ 



"V 



■^^ 



--{/- 



y 



Figure 21. Interrupt Acknowledge Timing 
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Absolute Maximum Rating 

Voltages on all inputs and outputs 

with respect to GND -0.3 V to +7.0 V 

Operating Ambient 

Temperature As Specified in 

Ordering Information 
Storage Temperature -65°C to + 150°C 



Stresses greater than those Hsted under Absolute Maxi- 
mum Ratings may cause permanent damage to the device. 
This is a stress rating only; operation of the device at any 
condition above those indicated in the operational sections 
of these specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect 
device reliability. 



Standard Test Conditions 

The characteristics below apply for the 
following standard test conditions, unless 
otherwise noted. All voltages are referenced to 
GND. Positive current flows into the refer- 
enced pin. Standard conditions are as follows: 




■ +4.75 V < Vcc ^ +5.25 V 

■ GND - V 

■ Ta as specified in Ordering Information 

All ac parameters assume a load capacitance 
of 50 pF max. 



I 



Figure 22. Standard Test Load 

DC Characteristics 



Figure 23. Open-Drain Test Load 



Symbol 


Parameter 


Min 


Max 


Unit 


Condition 


V,H 


Input High Voltage 


2.0 


Vcc + 0.3 


V 




V,L 


Input Low Voltage 


-0.3 


0.8 


V 




VoH 


Output High Voltage 


2.4 




V 


IoH= -250,tA 


Vol 


Output Low Voltage 




0.4 


V 


IoL= +2.0 mA 








0.5 


V 


IoL= +3.2 mA 


IlL 


Input Leakage 




±10.0 


fiA 


0.4 < Vij^ < +2.4 V 


loL 


Output Leakage 




±10.0 


fiA 


0.4< VouT^ +2.4 V 


^cc 


Vqq Supply Current 




250 


mA 




Vqq = 5 V ± 5% unless otherwise specified, over 


specified temperature 


range. 






Capacitance 










Symbol 


Parameter 


Min 


Max 


Unit 


Test Condition 


^OUT 


Input Capacitance 
Output Capacitance 




10 
15 


pF 
pF 


Unmeasured Pins 
Returned to Ground 


^I/O 


Bidirectional Capacitance 




20 


pF 





r specified temperature range. 
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CPU Interface Timing 



Number Symbol 



Parameter 



Min Max 



Units Notes* 



1 

2 

3 

4 

5- 

6 

7 

8 

9 

lo- 
ll 
12 
13 
14 
15- 
16 
17 
18 
19 
20- 
21 
22 
23 
24 
25- 
26 
27 
28 
29 
30 



TcPC 

TwPCh 

TwPCl 

TrPC 
-TfPC 

TsIA(PC) 

ThlA(PC) 

TslA(RD) 

ThlA(RD) 
-TsIA(WR) — 

ThlA(WR) 

TsA(RD) 

ThA(RD) 

TsA(WR) 
-ThA(WR) — 

TsCEl(RD) 

TsCEh(RD) 

ThCE(RD) 

TsCEl(WR) 
-TsCEh(WR)- 

ThCE(WR) 

TwRDl 

TdRD(DRA) 

TdRDf(DR) 
-TdRDr(DR)- 

TdRD(DRz) 

TwWRl 

TsDW(WR) 

ThDW(WR) 

Trc 



PCLK Cycle Time 
PCLK Width (High) 
PCLK Width (Low) 
PCLK Rise Time 
-PCLK Fall Time 



INTACK to PCLK t Setup Time 
INTACK To PCLK t Hold Time 



INTACK to RD i Setup Time 
INTACK to RD t Hold Time 



- INTACK to WR i Setup Time 

INTACK to WR t Hold Time 
Address to RD i Setup Time 
Address to RD I Hold Time 
Address to WR 1 Setup Time 

- Address to WR t Hold Time -. 

CE Low to RD i Setup Time 

CE High to RD 1 Setup Time 

CEtoRD t Hold Time 

CE Low to WR 1 Setup Time 

- CE High to WR 1 Setup Time 

CE to WR I Hold Time 

RD Low Width 

RD I to Read Data Active Delay 
RD i to Read Data Valid Delay 
■ RD t to Read Data Not Valid Delay - 
RD ! to Read Data Float Delay 
WR Low Width 

Write Data to WR i Setup Time 
Write Data to WR t Hold Time 
Valid Access Recovery Time 



250 4000 

105 2000 

105 2000 

20 

20- 



100 



200 



-200- 



80 





— 0- 



100 





-100- 



390 





-0- 



390 



1000* 



255 



70 



1 . Parameter does not apply to Interrupt Acknowledge trans- 
actions. 

2. Float delay is measured to the time when the output has 



changed, 0.5 V with minimum ac load and maximum dc load. 
3. Trc is 1/tS or 3 TcPC, whichever is longer. 
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CPU Interface Timing 



- ® k 



ZX 



HM> 



\ 



dy 



-<!>- 



-<3>- 



^^f 



G> 



-K^ 



\ 



/ 



5S ^ 



<13)- 



;ixjc 



K 



/ 



-.-(21)-*^ 



-<§>- 



/ \i' DATA ' i . 



■® 



/ 



-^^ 



^<^\ 



-*<i>^ 



DATA VALID 



y 



-<^ 



"\ A 



X 



-:^)^ 



-^^ 



\ 



=1. 
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Interrupt Timing 



Number Symbol 



Parameter 



Min Max 



Units 



Notes* 



31 TdPM(INT) Pattern Match to INT Delay (Bit Port) 

32 TdACK(INT) ACKIN to INT Delay (Port with Handshake) 

33 TdCI(INT) Counter Input to !NT Delay (Counter Mode) - 

34 TdPC(INT) PCLK to INT Delay (Timer Mode) 



2 


TcPC 




+ ns 


10 


TcPC 




-i-ns 


- 2 — 


— TcPC 




+ ns 


3 


TcPC 



4. The delay is from DAV I for 3-Wire Input Handshake. 
The delay is from DAC t for 3- Wire Output Handshake. 



PATTERN MATCH 
INPUT(S) 

BIT PORT 



COUNTER 
INPUT 



^ 



PATTERN MATCHES 



\ 



-(5)- 



J 



-<^ 



y 



^_ 



d^ 



^. 
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Interrupt Acknowledge Timing 



Number Symbol 



Parameter 



Min Max 



Units Notes* 



35 TsIA(RDA) 

36 TwRDA 

37 TdRDA(DR) 

38 TdlA(IEO) 
39 TdlEI(IEO) — 

40 TsIEI(RDA) 

41 ThlEI(RDA) 

42 TdRDA(INT) 



INTACK to RD i (Acknowledge) Setup Time 350 
RD (Acknowledge Width) 350 
RD 1 (Acknowledge) to Redd Data Valid Delay 
iNTACK I to lEO 1 Delay 
lEI to lEO Delay ^ 



lEI to RD 1 (Acknowledge) Setup Time 
lEI to RD t (Acknowledge) Hold Time 
RD i (Acknowledge) to INT I Delay 



100 
100 



255 

350 

- 150- 



600 



NOTES: 

5. The parameters for the devices in any particular da isy chain 
must meet the following constramt: The delay from INTACK I to 
RD I must be greater than the sum of TdlA(IEO) for the highest 
priority peripheral, TsIEI(RDA) for the lowest priority 



peripheral, and TdlEI(IEO) for each peripheral separating them 
in the chain. 
'Timings are preliminary and subject to change. 
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Handshake Timing 


Number Symbol 


Parameter 


Min Max Units Notes* 




TsDI(ACK) 









1 


Data Input to ACKIN 1 Setup Time 


ns 


2 


ThDI(ACK) 
TdACKf(RFD) 


Data Input to ACKIN i Hold Time- 
Strobed Handshake 





ns 


3 


ACKIN i to RFD i Delay 


ns 


4 


TwACKl 


ACKIN Low Width-Strobed Handshake 




ns 


5 — 


A/^TZ-jXT LJ;_,U AA/j^+^U Q+»./-.K/->^ T4 =.i-irJoV-. =.U^ 




TdRFDr(ACK) 









6 


RFD t to ACKIN i Delay 


ns 


7 


TsDO(DAV) 


Data Out to DAV i Setup Time 


25 


ns 1 


8 


TdDAVf(ACK) 


DAV i to ACKIN i Delay 





ns 


9 


ThDO(ACK) 


Data Out to ACKIN i Hold Time 


2 
— 2 


TcPC 


lo- 


-ACKIN i to DAV 1 Delay 


TcPC 


ia/iLxK^u/iV ; 


ll 


ThDI(RFD) 

TdRFD{(ACK) 

TdACKr(RFD) 

TdDAVr(ACK) 


Data Input to RFD i Hold Time- 
Interlocked Handshake 







-0 


ns 


12 


RFD i to ACKIN t Delay- 
Interlocked Handshake 


ns 


13 


ACKIN t (DAV t) to RFD t Delay- 
Interlocked and 3-Wire 
Handshake 


ns 


14 


DAV t to ACKIN t (RFD t )— Interlocked 
and 3-Wire Handshake 


ns 


is- 


-ACKIN t (RFD t) to DAV i Delay- 

Interlocked and 3-Wire 
Handshake 








le 


TdDAVI{(DAC) 


DAV i to DAC t Delay— Input 
3-Wire Handshake 





ns 


17 


ThDI(DAC) 


Data Input to DAC t Hold Time— 
3-Wire Handshake 





ns 


18 


TdDACOr(DAV) 


DAC t to DAV t Delay— Input 
3-Wire Handshake 





ns 


19 


TdDAVIr(DAC) 


DAV t to DAC 1 Delay— Input 
3-Wire Handshake 





ns 


20 — 


-TdDAVOf(DAC)— 


- DAV i to DAC t Delay— Output 

3-Wire Handshake 


-0 








21 


ThDO(DAC) 


Data Output to DAC t Hold Time— 
3-Wire Handshake 


2 


TcPC 


22 


TdDACIr(DAV) 


DAC t to DAV t Delay— Output 
3-Wire Handshake 


2 


TcPC 


23 


TdDAVOr(DAC) 


DAV t to DAC I Delay— Output 
3-Wire Handshake 





ns 



NOTES: 

1. This time can be extended through the use of the deskew timers. 



* Timings are prehminary and subject to change. 
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Strobed Handshake 



INPUT < 



OUTPUT i 



\ DATA VALID V 



^ 



-(1>- 



/ DATA VALID \ 



Q} 



<!) 



.^ 



-<5>- 






Interlocked Handshake 



INPUT ^ 



OUTPUT ^ 



y: 



DATA VALID 




(!lH- 



N. 



X 



/' ^^ 






\ DATA VALID / V^ 



K?> 



^. 



(!1> 



J' 



^ 
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3-Wire Handshake 



INPUT i 



OUTPUT / 



DAV 

, OUTPUT 



13 ; OAT,V.UO Y ^ 

i -K!!>> 



(3> 



'*-(^ 



Y 



/ 



V DATA VALID V 



*-(s)-^| 



■^. 



f 



— (§)-► 



A 



^ 






X 
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Counter/Timer Timing 



Number Symbol 



Parameter 



Min Max 



Units Notes* 



1 TcCI 

2 TCIh 

3 TwCIl 

4 TfCI 

5 TrCI 

6 TsTI(PC) 

7 TsTl(CI) 



10 



-TwTI 

TsGI(PC) 

TsGI(CI) 



11- 


— ThGI(PC)- 


12 


ThGI(CI) 


13 


TdPC(CO) 


14 


TdCl(CO) 



Counter Input Cycle Time 

Counter Input High Width 

Counter Input Low Width 

Counter Input Fall Time 

~ Counter Input Rise Time" 

Trigger Input to PCLK i Setup Time 
(Timer Mode) 

Trigger Input to Counter Input 1 Setup Time 
(Counter Mode) 

-Trigger Input Pulse Width (High or Low) 

Gate Input to PCLK i Setup Time 
(Timer Mode) 

Gate Input to Counter Input 1 Setup Time 
(Counter Mode) 

-Gate Input to PCLK i Hold Time (Timer Mode)- 

Gate Input to Counter Input 1 Hold Time 
(Counter Mode) 

PCLK to Counter Output Delay (Timer Mode) 

Counter Input to Counter Output Delay 
(Counter Mode) 



500 
230 
230 



20 
-20- 



- ns- 
ns 



NOTES: 

1 . These parameters must be met to guarantee trigger or gate are 
valid for the next counter/timer cycle. 



* Timings are preliminary and subject to c 




GATE 
INPUT 



COUNTER 
OUTPUT 
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REQUEST WAIT Timing 



Number Symbol 



Parameter 



Min Max 



Units 



Notes* 



1 TdRD(REQ) 

2 TdRD(WAIT) 

3 TdWR(REQ) 

4 TdWR(WAIT) 

5 TdPC(REQ) 

6 TdPC(WAIT) 

7 TdACK(REQ) 

8 TdACK(WAIT) 



RD i to REQ i Delay 



RD i to WAIT 1 Delay 
WR i to REQ 1 Delay 



WR i to WAIT i Delay 
-PCLK I to REQ t Delay - 



PCLK i to WAIT t Delay 
ACKIN i to REQ t Delay 



ACKIN 1 to WAIT t Delay 



ns 

ns 

TcPC 
+ ns 

TcPC 
+ ns 



NOTES: 

1. The delay is from DAV I for 3-Wire Input Handshake. 
The delay is from DAC t for 3-Wire Output Handshake. 



*Timings are preliminary and subject to change. 



_7^^^^A. 



"V 



Z 



Tv 



\ 



— ^ 



-<z>- 



-<!>- 



f 
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Reset Timing 



Number Symbol 



Parameter 



Min Max 



'Timinqs are preliiniridry and subjec:t to change. 



Units Notes* 



1 TdRD(WR) Delay from RD t to WR i for No Reset 50 

2 TdWR(RD) Delay from WR t to RD i for No Reset 50 

3 TwRES Minimum Width of RD and WR both Low 250 

for Reset 




7^ 



Miscellaneous Port Timing 



Number Symbol 



Parameter 



Min Max 



Units Notes* 



1 


TrI 


Any Input Rise Time 




100 


ns 




2 


Tfl 


Any Input Fall Time 




100 


ns 




3 


Twl's 


I's Catcher High Width 


250 




ns 


1 


4 


TwPM 


PaLLern Matcli InpuL Valid (BiL Purl) 


750 




ns 




5 


TsPMD 


Data Latched on Pattern Match Setup Time 
(Bit Port) 







ns 




6 


ThPMD 


Data Latched on Pattern Match Hold Time 
(Bit Port) 


1000 




ns 





NOTES: 

1 . If the input is programmed inverting, a Low-going pulse of the 
same width will be detected. 



ANY INPUT 



1 >s CATCHER 
INPUT 



DATA TO BE 

LATCHED TO 

PATTERN MATCH 



Timings are preliminary and subject to change. 
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Ordering Information 



Type 



Package 



Temp 



Clock 



Description 



Z8536 Bl 


Plastic 40 pin 


0/ + 70°C 


B6 


Plastic 40 pin 


-40/ + 85°C 


Dl 


Ceramic 40 pin 


0/ + 70°C 


D2 


Ceramic 40 pin 


.-55/+125°C 


D6 


Ceramic 40 pin 


-40/ + 85°C 


Z8536A Bl 


Plastic 40 pin 


0/ + 70°C 


B6 


Plastic 40 pin 


-40/ + 85°C 


Dl 


Ceramic 40 pin 


0/ + 70°C 


D6 


Ceramic 40 pin 


-40/ + 85°C 



Z8536 Counter/Timer and 
Parallel I/O Unit. 



4MHz 



6MHz 



Packages 



Plastic 



Ceramic 




SR 





rm 


TTWj] 


HHHHH 


mn 


mrnmiJ---^ 


I If 


mfmi! 

A8.26 


YYYTr—s 


0.^5 1 


Xi5A 




u 






- 


51.30'^^ 








12.8 










L . . 








► 














00, 












- .™^ 





1 025]. 
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FIFO 

Input/Output 
Interface unit 



wmm 



Features 

■ 128-byte FIFO buffer provides asynchronous 
bidirectional CPU/CPU or CPU/peripheral 
interface, expandable to any width in byte 
increments by use of multiple Z8060 FIO's 

■ Interlocked 2- Wire or 3- Wire Handshake 
logic port mode; Z-BUS or non-Z-BUS 
interface. 

■ Pattern- recognition logic stops DMA 
transfers and/or interrupts CPU; preset byte 
count can initiate variable- length DMA 
transfers. 



Seven sources of vectored/nonvectored 
interrupt which include pattern-match, 
byte count, empty or full buffer status; 
a dedicated ''mailbox" register with 
interrupt capability provides CPU/CPU 
communication. 



REQUEST/WAIT lines control high-speed 
data transfers. 

All functions are software controlled via 
directly addressable read/ write registers. 



General Description 

The Z8538 FIO provides an asynchronous 
128-byte FIFO buffer between two CPUs or 
between a CPU and a peripheral device. This 
buffer interface expands to a 16-bit or wider 
data path and expands in depth to add as 
many Z8060 FIFOs (and an additional FIO) as 
are needed. 

The FIO manages data transfers by assuming 
Z-BUS, non-Z-BUS microprocessor (a general- 
ized microprocessor interface). Interlocked 



2-Wire Handshake, and 3-Wire Handshake 
operating modes. These modes interface 
dissimilar CPUs or CPUs and peripherals 
running under differing speeds or protocols, 
allowing asynchronous data transactions and 
improving I/O overhead by as much as two 
orders of magnitude. Figures 1 and 2 show 
how the signals controlling these operating 
modes are mapped to the FIO pins. 



DATA/ 
BUS\ 



CONFIOURATION 





Or 


I 


D7 


, , 




De 




De 


-«— ^ 




Ds 




D5 


^ > 




0* 


1 


O4 


-•— ^ 




>ort|port°^ 

D2 1 2 °2 


"■"*" 




0^ SIDE 1 SIDE D, 


-•— ^ 




Do 


1 


Do 




■* — 


w 


1 


[A] 
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B 


1 
1 


B 
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m 




B 
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1 


[5] 
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[F] 
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s 
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[H] 
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m 




m 


<« — 


-* — 


H 




[£ 


— ► 




Ml 










Mo 









DATA 
BUS 



EC 
DL 

mL 
EC 

[DC 

EL 
mL 
ML 
mC 
mc; 

DoC 
OiC 
D^C 
DbC 

D4c: 

DsC 

06 c: 

MiC 
GND[jj 



6 PORT 

7 1 
SIDE 



PORT 3 

2 3 
SIDE 



Dvcc 

311 

DEI 

]0 

3 Do 
3D, 
3D2 
3D3 
3D4 
3Ds 
]De 
3D7 
]Mo 



t t 



Figure 1. Logic Functions 



Figure 2. Pin Configuration 
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General Description (Continued) 

The FIO supports the Z-BUS interrupt pro- 
tocols, generating seven sources of interrupts 
upon any of the following events: a write to a 
message register, change in data direction, 
pattern match, status match, over/underflow 
error, buffer full and buffer empty status. Each 
interrupt source can be enabled or disabled, 
and can also place an interrupt vector on the 
port address/data lines. 

The data transfer logic of the FIO has been 



specially designed to work with DMA (Direct 
Memory Access) devices for high-speed 
transfers. It provides for data transfers to of 
from memory each machine cycle, while the 
DMA device generates memory address and 
control signals. The FIO also supports the 
variably sized block length, improving system 
throughput when multiple variable length 
messages are transferred amongst several 
sources. 




Figure 3. FIO Block Diagram 



Functional Description 

Operating Modes. Ports 1 and 2 operate in 
any of twelve combinations of operating 
modes, listed in Table 2. Port 1 functions in 
either the Z-BUS or non-Z-BUS microprocessor 
modes, while Port 2 functions in Z-BUS, non- 
Z-BUS, Interlocked 2- Wire Handshake, and 
3- Wire Handshake modes. Table 1 describes 
the signals and their corresponding pins in 
each of these modes. 



The pin diagrams of the FIO are identical, 
except for two pins on the Port 1 side, which 
select that port's operating mode. Port 2's 
operating mode is programmed by two bits in 
Port I's Control register 0. Table 2 describes 
the combinations of operating modes; Table 3 
describes the control signals mapped to pins 
A- J in the five possible operating modes. 
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Functional Description (Continued) 



Control 

Signal 

Pins 


Z-BUS 
Low Byt« 


Z-BUS 
High Byt« 


Non-Z-BUS 


Interlocked 
HS Port* 


3-Wir» 
HS Port* 


H 


REQAVT 


REQ/WT 
DMASTB 


REQ/WT 


RFD/DAV 


RFD/DAV 


H 


DMASTB 


DACK 


ACKIN 


DAV/DAC 


E 


DS 


DS 


RD 


FULL 


DAC/RFD 


@ 


R/W 
CS 


R/W 
CS 


WR 
CE 


EMPTY 


EMPTY 


B 


CLEAR 


CLEAR 


H 


AS 


AS 
Ao 


C/D 


DATA DIR 
INo 


DATA DIR 


[^ 


INTACK 


INTACK 


INo 


a 


lEO 


Al 


lEO 


OUTi 


OUTi 


m 


lEI 


A2 


lEI 


OE 


OE 


m 


INT 


A3 


INT 


OUT3 


OUT3 



*2 side only. 



Table 1 . Pin Assignments 



Mode 


Ml 


Mo 


Bl 


Bo 


Portl 


Port 2 

















Z-BUS Low Byte 


Z-BUS Low Byte 


1 













Z-BUS Low Byte 


Non-Z-BUS 


2 












Z-BUS Low Byte 


3- Wire Handshake 


3 












Z-BUS Low Byte 


2- Wire Handshake 


4 





1 






Z-BUS High Byte 


Z-BUS High Byte 


5 





1 






Z-BUS High Byte 


Non-Z-BUS 


6 





1 






Z-BUS High Byte 


3- Wire Handshake 


7 





1 






Z-BUS High Byte 


2- Wire Handshake 


8 


1 










Non-Z-BUS 


Z-BUS Low Byte 


9 


1 










Non-Z-BUS 


Non-Z-BUS 


10 


1 









Non-Z-BUS 


3- Wire Handshake 


11 


1 









Non-Z-BUS 


2- Wire Handshake 



Table 2. Operoting Modes 



67 



2^38 no 



Functional Description (Continued) 



d 



SYSTEM 
MEMORY 



d 



b 



^ 



c^ 



b 



Ly 



^ 



<=^ 



V 



^' 



^ " 



g* « ! :fe' '' : ' «:E% PORT 2 



^w**?;;^ 



^ 



SYSTEM 
MEMORY 



"-^ <Ji: 



^ 



M O' 

) FIO 



Figure 4. CPU to CPU Configuration 



Figure 5. CPU to I/O Configuration 
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Pins Common To Both Sides 



Pin 
Signals 



Pin 
Names 



Pin 
Numbers 



Signal 
Description 



Mo 


Mo 


21 


Ml 


Ml 


19 


+ 5 Vdc 


+ 5 Vdc 


40 


GND 


GND 


20 



Ml and Mq program Port 1 
side CPU interface 

DC power source 
DC power ground 



Z-BUS Low Byte Mode 



Pin 
Signals 



Pin 
Names 



Pin Numbers 

Port 

1 2 



Signal 
Description 



AD0-AD7 

(Address/Data) 

REQ/WAIT 
(Request/Wait) 


D0-D7 
A 

B 


11-18 

1 

2 


29-22 
39 


DMASTB 
(Direct Memory 
Access Strobe) 


38 


DS 

(Data Strobe). 


C 


3 


37 


R/W 
(Read/Write) 


D 


4 


36 


CS 

(Chip Select) 


E 


5 


35 


AS 

(Address Strobe) 


F 


6 


34 


INTACK 
(Interrupt 
Acknowledge) 


G 


7 


33 


lEO 

(Interrupt 
Enable Out) 


H 


8 


32 


lEI 

(Interrupt 
Enable In) 


I 


9 


31 


INT 
(Interrupt) 


J 


10 


30 



Multiplexed bidirectional address/data lines, Z-BUS 
compatible. 

Output, active Low, REQUEST (ready) line for DMA 
transfer; WAIT line (open-drain) output for syn- 
chronized CPU and FIO data transfers. 

Input, active Low. Strobes DMA data to and from 
the FIFO buffer. 



Input, active Low. Provides timing for data trans- 
fer to or from FIO. 

Input; active High signals CPU read from FIO; 
active Low signals CPU write to FIO. 

Input, active Low. Enables FIO. Latched on the 
rising edge of AS. 

Input, active Low. Addresses, CS and INTACK 
sampled while AS Low. 

Input, active Low. Acknowledges an interrupt. 
Latched on the rising edge of AS. 

Output, active High. Sends interrupt enable to 
lower priority device lEI pin. 

Input, active High. Receives interrupt enable from 
higher priority device lEO signal. 

Output, open drain, active Low. Signals FIO inter- 
rupt request to CPU. 



Table 3. Signal/Pin Descriptions 
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Z-BUS High Byte Mode (Continued) 



Pin 
Signals 



Pin 
Nam«8 



Pin Numbers 

Port 

1 2 



Signal 
Description 



AD0-AD7 

(Address/Data) 


D0-D7 


11-18 


29-22 


REQ/WAIT 
(Request/Wait) 


A 
B 


1 
2 


39 


DMASTB 
(Direct Memory 
Access Strobe) 


38 


DS 

(Data Strobe) 


C 


3 


37 


R/W 
(Read/Write) 


D 


4 


36 


CS 

(Chip Select) 


E 


5 


35 


AS 

(Address Strobe) 


F 


6 


34 


Ao 

(Address Bit 0) 


G 


7 


33 


Ai 

(Address Bit 1) 


H 


8 


32 


A2 

(Address Bit 2) 


I 


9 


31 


A3 

(Address Bit 3) 


J 


10 


30 



Multiplexed bidirectional address/data lines, Z-BUS 
compatible. 

Output, active Low, REQUEST (ready) line for DMA 
transfer; WAIT line (open-drain) output for syn- 
chronized CPU and FIG data transfers. 

Input, active Low. Strobes DMA data to and from the 
FIFO buffer. 



Input, active Low. Provides timing for transfer of data 
to or from FIG. 

Input, active High. Signals CPU read from FIG; active 
Low signals CPU write to FIG. 

Input, active Low. Enables FIG. Latched on the 
rising edge of AS. 

Input, active Low. Addresses, CS and INTACK are 
sampled while AS is Low. 

Input, active High. With Aj, A2, and A3, addresses 
FIG internal registers. 

Input, active High. With Aq, A2, and A3, addresses 
FIG internal registers. 

Input, active High. With Aq, A\, and A3, addresses 
FIG internal registers. 

Input, active High. With Aq, Aj, and A2, addresses 
FIG internal registers. 



Table 3. Signal/Pin Descriptions (Continued) 
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Non-Z-BUS Mode 



Pin 
Signal! 



Pin 
Names 



Pin Numbers 

Port 

1 4 



Signal 
Description 



D0-D7 

(Data) 


D0-D7 


11-18 


29-22 


REQ/WT 
(Request/Wait) 


A 
B 


1 
2 


39 


DACK 

(DMA Acknowledge) 


38 


RD 
(Read) 


C 


3 


37 


WR 
(Write) 


D 


4 


36 


CE 

(Chip Select) 


E 


5 


35 


C/D 
(Control/Data) 


F 


6 


34 


INTACK 

(Interrupt 

Acknowledge) 


G 


7 


33 


lEO 

(Interrupt 
Enable Out) 


H 


8 


32 


lEI 

(Interrupt 
Enable In) 


I 


9 


31 


INT 
(Interrupt) 


J 


10 


30 



Bidirectional data bus. 

Output, active Low, REQUEST (ready) line for DMA 
transfer; WAIT line (open-drain) output for syn- 
chronized CPU and FIO data transfer. 

Input, active Low. DMA acknowledge. 

Input, active Low. Signals CPU read from FIO. 

Input, active Low. Signals CPU write to FIO. 

Input, active Low. Used to select FIO. 

Input, active High. Identifies control byte on D0-D7; 
active Low identifies data byte on Dg-Dy. 

Input, active Low. Acknowledges an interrupt. 



Output, active High. Sends interrupt enable to 
lower priority device lEI pin. 

Input, active High. Receives interrupt enable from 
higher priority device lEO signal. 

Output, open drain, active Low. Signals FIO interrupt 
to CPU. 



Table 3. Signal/Pin Descriptions (Continued) 
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Port 2 - I/O Port Mode 



Pin 
Signals 



Pin 
Names 



Pin 
Numbers 



Mode 



Signal 
Description 



D0-D7 
(Data) 

RFD/DAV 

(Ready for Data/Data 

Available) 



D0-D7 



CLEAR 

DATA DIR 
(Data Direction) 

INo 

OUTi 

OE 

(Output Enable) 

OUT3 



E 
F 

G 
H 
I 

J 



29-22 



39 



ACKIN 
(Acknowledge Input) 


B 


38 


DAV/DAC 

(Data Available/Data 

Accepted) 


B 


38 


FULL 


C 


37 


DAC/RFD 

(Data Accepted/Ready 

for Data) 


C 


37 


EMPTY 


D 


36 



35 
34 

33 
32 
31 
30 



2-Wire HS* 
3- Wire HS 

2-Wire HS 
3-Wire HS 

2-Wire HS 

3-Wire HS 

2-Wire HS 
3-Wire HS 



2-Wi 
3-W: 

2-W: 
3-W: 

2-W: 
3-W: 

2-W: 
3-Wi 

2-Wi 
3-Wi 

2-Wi 
3-W 

2-W: 
3-W: 



jHS 
reHS 

reHS 
reHS 

reHS 
reHS 

>reHS 
HS 

reHS 
reHS 

reHS 
HS 

reHS 
reHS 



Bidirectional data bus. 

Output, RFD active High . Sig nals peripherals that FIO 
is ready to receive data. DAV active Low signals 
that FIO is ready to send data to peripherals. 

Input, active Low. Signals FIO that output data is 
received by peripherals or that input data is valid. 

Input; DAV (active Low) signals that data is valid on 
bus. DAC (active High) signals that output data is 
accepted by peripherals. 

Output, open drain, active High. Signals that FIO 
buffer is full. 

Direction controlled by internal programming. Both 
active High. DAC (an output) signals that FIO has 
received data from peripheral; RFD (an input) signals 
that the listeners are ready for data. 

Output, open drain, active High. Signals that FIFO 
buffer is empty. 

Programmable input or output, active Low. Clears all 
data from FIFO buffer. 

Programmable input or output. Active High signals 
data input to Port 2; Low signals data output from 
Port 2. 

Input line to Dq of Control Register 3. 



Output line from Dj of Control Register 3. 

Input, active Low. When Low, enables bus drivers. 
When High, floats bus drivers at high impedance. 

Output line from D3 of Control register 3. 



* Handshake 



Table 3. Signal/Pin Descriptions (Continued) 



Reset 

The FIO can be reset under either hardware 
or software control by one of the following 
methods: 

■ By forcing both AS and DS Low simultane- 
ously in Z-BUS mode (normally illegal). 

■ By forcing RD and WR Low simultaneously 
in non-Z-BUS mode. 

■ By writing a 1 to the Reset bit in Control 
register for software reset. 

In the Reset state, all control bits are cleared 
to 0. Only after clearing the Reset bit (by 



writing a to it) can the other command bits 
be programmed. This action is true for both 
sides of the FIO when programmed as a CPU 
interface. 

For proper system control, when Port 1 is 
reset, Port 2 is also reset. In addition, all Port 
2's outputs are floating and all inputs are 
ignored. To initiate the data transfer. Port 2 
must be enabled by Port 1. The Port 2 CPU 
can determine when it is enabled by reading 
Control register 0, which reads ''floating" data 
bus if not enabled and ''OIh" if enabled. 
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CPU Interfaces 

The FIO is designed to work with both 
Z-BUS- and non-Z-BUS-type CPUs on both Port 
1 and Port 2. The Z-BUS configuration inter- 
faces CPUs with time-multiplexed address and 
data information on the same pins. The Z8001, 
Z8002, and Z8 are examples of this typje of 
CPU. The AS (Address Strobe) pin is used to 
latch the address and chip select information 
sent out by the CPU. The R/W (Read/Write) 
pin and the DS (Data Strobe) pin are used 
for timing reads and writes from the CPU to 



the FIO (Figures 6 and 7). 

The non-Z-BUS configuration is used for 
CPUs where the address and data buses are 
separate. Examples of this type of CPU are the 
Z80 and 8080. The RD (Read) and WR (Write) 
pins are used to time reads and writes fromjhe 
CPU to the FIO (Figures 9 and 10). The C/D 
(Control/Data) pin is_used to directly access 
the FIFO buffer (C/D = 0) and to access the 
other registers (C/D= 1). Read and write to all 



■^ TO CPU V- 
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Figure 6. Z-BUS Read Cycle Timing 



A^ — 
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Figure 7. Z-BUS Write Cycle Timing 
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CPU Interfaces (Continued) 

registers except the FIFO buffer 1 are two-step 
operations, described as follows (Figure 8). 
First, write the address (C/D= 1) of the register 
to be accessed into the Pointer Register (State 
0); second, read or write (C/D= 1) to the 
register pointed at previously (State 1). Con- 
tinuous status monitoring can be performed in 
State 1 by continuous Control Read operations 
(C/D=l). 

^The FIFO buffer can also be accessed by this two-step operation. 



I (c/p - a 



(C/B = 1) 



/L 



WR TO PTR 
(C/D = 1) 



WR OR RD OF ANY 
(Q/B = 1) 



<C/B = 0) 



RESET = 

Figure 8. Register Access in Non-Z-BUS Mode 



A. 



A. 




y 



Figure 9. Non-Z-BUS Read Cycle Timing 



CE 



"V 
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Figure 10. Non-Z-BUS Write Cycle Timing 



WAIT Operation 

When d ata is output by the CPU, the 
REQ/WT (WAIT) pin is active (Low) only when 
the FIFO buffer is full, the chip is selecte d, 
and the FIFO buffer is addressed. WAIT goes 
inactive when the FIFO buffer is not full. 



When data is input by the CPU, the 
REQ/WT pin becomes active (Low) only when 
the FIFO buffer is empty, the chip is sele cted, 
and the FIFO buffer is addressed. WAIT goes 
inactive when the FIFO buffer is not empty. 
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Interrupt Operation 

The FIO supports the prioritized daisy 

chain interrupt protocol for both Z-BUS and 
non-Z-BUS operating modes (for more details 
refer to the Z-BUS Summary). 

Each side of the FIO has seven sources of 
interrupt. The priorities of these devices are 
fixed in the following order (highest to lowest): 
Mailbox Message, Change in Data Direction, 
Pattern Match, Status Match, Overflow/ 
Underflow Error, Buffer Full, and Buffer 
Empty. Each interrupt source has three bits 
that control how it generates the interrupt. 
These bits are Interrupt Pending (IP), 
Interrupt Enable (IE), and Interrupt Under 
Service (lUS). 

In addition, each side of the FIO has an 
interrupt vector and four bits controlling the 
FIO interrupt logic. These bits are Vector 
Includes Status (VIS), Master Interrupt Enable 
(MIE), Disable Lower Chain (DLC), and No 



Vector (NV). 

A typical Interrupt Acknowledge cycle for 
Z-BUS operation is shown in Figure 1 1 and for 
non-Z-BUS operation in Figure 12 . The onl y 
difference isjhat in Z-BUS mode, INTACK is 
latched b y AS, and in non-Z-BUS mode 
INTACK is not latched. 

When MIE = I , reading the vector always 
includes status, independent of the state of the 
VIS bit. In this way, when VIS = 0, all infor- 
mation can be obtained with one additional 
read, thus conserving vector space. When 
MIE = 0, reading the vector register returns 
the unmodified base vector so that it can be 
verified. 

In non-Z-BUS mode, IPs do not get set while 
in State 1 . Therefore, in order to minimize 
interrupt latency, the FIO should be left in 
State 0. 
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Figure 11. Z-BUS Interrupt Acknowledge Cycle 
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Interrupt Operation (Continued) 



-^ VECTOR V- 
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f 
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Figure 12. Non-Z-BUS Interrupt Acknowledge Cycle 



CPU to CPU Operation 

DMA Operation. The FIO is particularly well 
suited to work with a DMA in both Z-BUS and 
non-Z-BUS modes. A data transfer between the 
FIO and system memory can take place during 
every machine cycle on both sides of the FIO 

simultaneously. 

In Z-BUS mode, the DMASTB pin (DMA 
Strobe) is used to read or write into the FIFO 
buffer. The R/W (Read/Write) and DS (Data 
Strobe) signals are ignored by the FIO; 



however, the OS (Chip Select) signal is not 
ignored and therefore must be kept invalid. 
Figures 13 and 14 show typ ical tim ing. 

In Non-Z-BUS mode, the DACK pin (DMA 
Acknowledge) is used to tell th e FIO that its 
DMA request is granted. After DACK goes 
Low, every read or write to the FIO goes into 
the FIFO buffer. Figures 15 and 16 show 
typical timing. 



A/D BUS V pj^Q^ ^SS^ y i DATA FROM FIO TO MEMORY V— 



\ 



f 



V 



Figure 13. Z-BUS FIO to Memory Data Transaction 
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CPU to CPU Operation (Continued) 

A/D BUS X FRoSTdMA y~\ DATA FROM MEMORY TO FIO V— 



\ 



■\ r 



Figure 14. Z-BUS Memory to FIO Data Transaction 
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«"*>" \ / \ f 

^ \ / \ r 

DACK ^\ 

Figure 15. Non-Z-BUS FIO to Memory Transaction 
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Figure 16. Non-Z-BUS Memory to FIO Data Transaction 
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CPU to CPU Operation (Continued) 

The FIO provides a special mode to enhance 
its DMA transfer capability. Whe n data is 
written into the FIFO buffer, the REQ/WT 
(REQUEST) pin is active (Low) until the FIFO 
buffer is full. It then goes inactive and stays 
inactive until the number of bytes in the FIFO 
buffer is equal to the value programmed into 
the Byte Count Comparison register. Then the 
REQUEST signal goes active and the sequence 
starts over again (Figure 17). 



When data is read from the FIO, the 
REQ/WT pin (REQUEST) is inactive until the 
number of bytes in the FIFO buffer is equal to 
the value programmed in the Byte Count Com- 
parison register. The REQUEST signal then 
goes active and stays active until the FIFO buf- 
fer is empty. When empty, REQUEST goes 
inactive and the sequence starts over again 
(Figure 18). 
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NUMBER IN BYTE COUNT COMPARISON REGISTER 

NOTES: 

1. FIFO empty. 

2. REQUEST enabled, FIO requests DMA transfer. 

3. DMA transfers data into the FIO. 

4. FIFO full, REQUEST inactive. 

5. The FIFO empties from the opposite port until the number 
of bytes in the FIFO buffer is the same as the number pro- 
grammed in the Byte Count Comparison register. 
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FULL 



NUMBER IN BYTE COUNT COMPARISON REGISTER 



NOTES: 

1. FIFO empty. 

2. CPU/DMA fills FIFO buffer from the opposite port. 

3. Number of bytes in FIFO buffer is the same as the number 

of bytes programmed in the Byte Count Comparison register. 

4. REQUEST goes active. 

5. DMA transfers data out of FIFO until it is empty. 



Figure 17. Byte Count Control: Write to FIO 



Figure 18. Byte Count Control: Read from FIO 



Message Registers. Two CPUs can communi- 
cate through a dedicated ''mailbox" register 
without involving the 128 x 8 bit FIFO buffer 
(Figure 19). This mailbox approach is useful 



for transferring control parameters between 
the interfacing devices on either side of the 
FIO without using the FIFO buffer. For 
example, when Port I's CPU writes to the 



PORT 1 

MESSAGE OUT 

REGISTER 



PORT 1 

MESSAGE IN 

REGISTER 



^ 



MESSAGE 

REGISTER 

P0RT1 



PORT 2 

MESSAGE IN 

REGISTER 



Sz: 



PORT 2 

> MESSAGE OUT 

REGISTER 



NOTE: Usable only for CPU/CPU interface. 
Figure 19. Message Register Operation 
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CPU to CPU Operation (Continued) 

Message Out register, Port 2's message IP is 
set. If interrupts are enabled, Port 2's CPU is 
interrupted. Port 2's message IP status is 
readable from the Port 1 side. When Port 2's 
CPU reads the data from its Message In regis- 
ter, the Port 2 IP is cleared. Thus, Port I's 
CPU can read when the message has been 
read and can now send another message or 
[ollow whatever protocol that is set up between 
the two CPU's. The same transfer can also be 
made from Port 2's CPU to Port I's CPU. 



CLEAR (Empty) FIFO Operation. The CLEAR 
FIFO bit (active Low) clears the FIFO buffer of 
data. Writing a to this bit empties the FIFO 
buffer, inactivates the REQUEST line, and 
disables the handshake (if programmed). The 
CLEAR bit does not affe ct any c ontrol or data 
regist er. To re move the CLEAR state, write a 1 
to the CLEAR bit. 

In CPU/CPU mode, under program control, 
only one of the ports can empty the FIFO by 



writing to its Control Register 3, bit 6. The 
Port 1 CPU must program bit^ 7 in Control 
Registe r 3 to determine which port controls the 
CLEAR FIFO operation (0 = Port 1 control; 
1 = Port 2 control). 

Direction of Data Transfer Operation. The 

Data Direction bit controls the direction of data 
transfer in the FIFO buffer. The Data Direction 
bit is defined as = output from CPU and 
1 = input to CPU. This bit reads correctly 
when read by either port's CPU. For example, 
if Port I's CPU reads a (CPU output) in its 
Data Direction bit, then Port 2's CPU reads a 1 
(input to CPU) in its Data Direction bit. 

In CPU/CPU mode, under program control, 
only one of the ports can control the direction 
of data transfer. The Port 1 CPU must program 
bit 5 in Control Register 3 to determine which 
port controls the data direction (0 = Port 1 
control; 1 = Port 2 control). Figure 20 shows 
FIO data transfer options. 



PORT 2 (CPU) 



EXCHANQE BYTES I EXCHANGE 



Figure 20. FIO Data Transfer Options 



79 



Z8S38FI0 



CPU to I/O Operation 

When Port 2 is programmed in the Inter- 
locked 2-Wire Handshake mode or the 3-Wire 
Handshake mode, and Port A is programmed 
in Z-BUS or non-Z-BUS Microprocessor mode, 
the FIO interfaces a CPU and a peripheral 
device. In t he Int erlo cked 2-W ire Handshake 
mode, RFD/DAV and ACKIN strobe data to 
and from Po rt 2. I n the 3- Wire Handshake 
mode, RFD/DAV, DAV/DAC, and DAC/RFD 
signals control data flow. 

Interlocked 2-Wire Handshake. In the Inter- 
locked Handshake, the action of the FIO must 
be acknowledged by the other half of the 
handshake before the next action can take 
place. In output mode. Port 2 does not indicate 
that new data is available until the external 
device indicates it is ready for the data. 
Similarly, in input mode, Port 2 does not indi- 
cate that it is ready for new data until the data 
source indicates that the previous byte of the 
data is no longer available, thereby acknowl- 
edging Port 2's acceptance of the last byte. 
This allows the FIO to directly interface to a 
Z8's port, a CIO's port, a UPC's port, another 
FIO port, or another FIFO Z8060, with no 
external logic (Figures 21 and 22). 

3- Wire Handshake. The 3-Wire Handshake is 
designed for applications in which one output 
port is communicating with many input ports 
simultaneously. It is essentially the same as the 
Interlocked Handshake, except that two signals 
are used to indicate that an input port is ready 
for new data or that it has accepted the present 
data. In the 3-Wire Handshake, the rising 
edge of the RFD status line indicates that the 
port is ready for data, and the rising edge of 
the DAC status line indicates that the data has 
been accepted. With 3-Wire Handshake, the 
lines of many input ports can be bussed 
together with open-drain drivers and the out- 



put port knows when all of the ports are ready 
and have accepted the data. This handshake is 
the same handshake used in the IEEE-488 
Instruments. Since the port's direction can be 
changed under software control, bidirectional 
IEEE-488-type transfers can be performed. 
Figures 23 and 24 show the timings associated 
with 3-Wire Handshake communications. 

CLEAR FIFO Operation. In CPU to-I/O 
operation, the CLEAR FIFO operation can be 
performed by the CPU side (Port 1) under soft- 
ware control as previously explained. The 
CLEAR FIFO operation can also be performed 
under h ardware control by defining the 
CLEAR pin of Port 2 as an input (Control 

Register 3, bit 7 = 1). 

For cascading purposes, the CLEAR pin can 
also be defined as an output (Control Register 
3, bit 7 = 0), which reflects the current state 
of the CLEAR FIFO bit. It can then empty 
other FIOs or initialize other devices in the 
system. 

Data Direction Control. In CPU-to-I/O mode, 
the direction of data transfer can be controlled 
by the CPU side (Port 1) under software con- 
trol as previously explained. The data direc- 
tion can also be determined by hardware con- 
trol by defining the Data Direction pin 
of Port 2 as an input (Control Register 3, 
bits = 1). 

For cascading purposes, the Data Direction 
pin can also be defined as an output (Control 
Register 3, bit 5 = 0) pin which reflects the 
current state of the Data Direction bit. It can 
then be used to control the direction of data 
transfer for other FIOs or for external logic. 

On the Port 2 side, when data direction is 0, 
Port 2 is in Output Handshake mode. When 
data direction is 1 , Port 2 is in Input Hand- 
shake mode. 
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CPU to I/O Operation (Continued) 
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Figure 21. Interlocked Handshake Timing (Imput) Port 2 Side Only 
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Figure 22. Interlocked Handshake Timing (Output) Port 2 Side Only 
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Figure 23. Input (Acceptor) Timing IEEE-488 Port: Port 2 Side Only 
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Figure 24. Output (Source) Timing IEEE-488 HS Port: Port 2 Side Only 
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Programming 

The programming of the FIO is greatly 
simphfied by the efficient grouping of the 
various operation modes in the control 
registers. Since all of the control registers are 
read/write, the need for maintaining their 
image in system memory is eliminated. Also, 
the read/write feature of the registers aids in 
system debugging. 

Each side of the FIO has 16 registers. All 16 
registers are used by the Port 1 side; Control 
register 2 is not used on the Port 2 side. All 
registers are addressable Oh through Fh- 

In the Z-BUS Low Byte mode, the FIO allows 
two methods for register addressing under con- 
trol of the Right Justify Address (RJA) bit in 
Control register 0. When RJA = 0, address 
bus bits 1-4 are used for register addressing 
and bits 5, 6, and 7 are ignored (Table 4). 
When RJA = 1, bits 0-3 are used for the 



register addresses, and bits 4-7 are ignored. 

Control Registers. These four registers specify 
FIO operation. The Port 2 side control 
registers operate only if the Port 2 device is a 
CPU. The Port 2 CPU can control interface 
operations, including data direction, only 
when enabled by the setting of bit in the Port 
1 side of Control Register 2. A 1 in bit 1 of the 
same register enables the handshake logic. 

Interrupt Status Registers. These four 
registers control and monitor the priority 
interrupt functions for the FIO. 

Interrupt Vector Register. This register stores 
the interrupt service routine address. This vec- 
tor is placed on D0-D7 when lUS is set by the 
Interrupt Acknowledge signal from the CPU. 
When bit 4 (Vector Includes Status) is set in 
Control Register 0, the reason for the interrupt 



Non Z-BUS 


D7-D4 


D3 


D2 


Di 


Do 




Z-BUS High 




A3 


A2 


Ai 


Ao 




^-b"«'-«{Sa=? 


AD7-AD5 
AD7-AD4 


AD4 
AD3 


AD3 
AD2 


AD2 
ADi 


ADi 

ADo 


ADo 


Description 














Control Register 


X 














X 


Control Register 1 


X 













X 


Interrupt Status Register 


X 













X 


Interrupt Status Register 1 


X 












X 


Interrupt Status Register 2 


X 





I 








X 


Interrupt Status Register 3 


X 





1 







X 


Interrupt Vector Register 


X 





1 







X 


Byte Count Register 


X 





1 






X 


Byte Count Comparison 
Register 


X 













X 


Control Register 2* 


X 












X 


Control Register 3 


X 












X 


Message Out Register 


X 











X 


Message In Register 


X 




1 








X 


Pattern Match Register 


X 




1 







X 


Pattern Mask Register 


X 




1 







X 


Data Buffer Register 


X 




1 






X 


X = Don't Care 

* Register is only on Port 1 side 














Table 4. 


FIO Register Address Summary 
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Programming Continued) 

is encoded within the vector address in bits 1 , 
2, and 3. If bit 5 is set in Control register 0, no 
vector is output by the FIO during an Interrupt 
Acknowledge cycle. However, JUS is set as 
usual. 

Byte Count Compare Register. This register 
contains a value compared with the byte count 
in the Byte Count register. If the Byte Count 
Compare interrupt is enabled, an interrupt will 
occur upon compare. 

Message Out Register. Either CPU can place 
a messagfe in its Message Out register. If the 
opposite side Message register interrupt is 
enabled, the receiving side CPU will receive 
an interrupt request, adyising that a message 
is present in its Message In register. Bit 5 in 
Control Register 1 on the initiating side is set 
when a message is written. It is cleared when 
the message is read by the receiving CPU. 

Message In Register. This register receives a 
message placed in the Message Out register by 
the opposite side CPU. 



Pattern Match Register. This register contains 
a bit pattern matched against the byte in the 
Data Buffer register. When these patterns 
match, a Pattern Match interrupt will be 
generated, if previously enabled. 

Pattern Mask Register. The Pattern Mask 
register may be programmed with a bit pattern 
mask that limits comparable bits in the Pattern 
Match register to non-masked bits (1 = mask). 

Data Buffer Register. This register contains 
the data to be read from or written to the 
FIFO buffer. 

Byte Count Register. This is a read-only 
register, containing the byte count for the 
FIFO buffer. The byte count is derived by sub- 
tracting the number of bytes read from the buf- 
fer from the number of bytes written into the 
buffer. The count is ''frozen" for an accurate 
reading by setting bit 6 (Freeze Status register) 
in Control Register 1 . This bit is cleared when 
the Byte Count register read is completed. 



NOTES: 

1 . Data from master CPU — FIO 

2. FIO Port 1 — DCP. 

3. DCP — RAM. 

4. RAM — SCO. 

5. SCO — data comm. line loop 




Figure 25. Typical Application: Node Controller 
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Registers 

Control Register 

Address: 0000 
(Read/Write) 



I D^ I De I D5 I D4 [ D3 






L^ 



RESET 

RT. JUST. ADDRESS (RJA) 



PROGRAMS 
PORT 2 MODE 



■ (Bi)(Bo)* 

0= ZBUS CPU 

1 = NONZBUS CPU 

1 = 3-WIRE HS I/O 

1 1 = INTERLOCKED HS 



■ 1 = VECTOR INCLUDES STATUS (VIS) 
• 1 = NO VECTOR ON INTERRUPT (NV) 

■ 1 = DISABLE LOWER DAISY CHAIN (DLC) 
. 1 = INTERRUPTS ENABLED (MIE) 



Control Register 1 

Address: 0001 
(Read/Write) 

I D, I De I Ds I D, [ D3 I D, [ D, I Do"{ 

L,. 



REQUEST/WAIT ENABLED 



- 1 = START DMA ON BYTE COUNT 

- 1 = STOP DMA ON PATTERN MATCH 

- 1 = MESSAGE MAILBOX REGISTER UNDER SERVICE* 

- 1 = MESSAGE MAILBOX REGISTER FULL* 

- 1 » FREEZE STATUS REGISTER COUNT 

- NOT USED (MUST BE PROGRAMMED 0) 



*READONLY BITS 



Control Register 2* 

Address: 1001 
(Read/Write) 



E 



D4 Da P2 p, Do 



^ 



L,. 



PORT 2 SIDE ENABLED 

1 = PORT 2 SIDE ENABLE HANDSHAKE 

. BITS 2-7 NOT USED 
MUST BE PROGRAMMED 



*THIS REGISTER READS ALL 
O'S FROM PORT 2 SIDE 



Control Register 3 

Address: 1010 
(Read/Write) 

I D, I Ds I Ds I D« I D3 [ D^ I D, I d7] 



L 



PORT 2 SIDE-INPUT LINE* (PIN 33)** 
PORT 2 SIDE-OUTPUT LINE (PIN 32)** 

■ NOT USED (MUST BE PROGRAMMED 0) 
. PORT 2 SIDE-OUTPUT LINE (PIN 30)** 

■ DATA DIRECTION BIT 

1 = INPUT TO CPU 
= OUTPUT FROM CPU 
. 0= PORT 1 SIDE CONTROLS DATA DIRECTION 

1 = PORT 2 SIDE CONTROLS 
. = CLEAR FIFO BUFFER 

■ = PORT 1 SIDE CONTROLS CLEAR 
1 = PORT 2 SIDE CONTROLS 



Figure 26. Control Registers 



Interrupt Status Register 

Address: 0010 
(Read/Write) 

[id7[D6[D5 [D^JDalD; [ Di } Dp | 



- NOT USED 

(MUST BE PROGRAMMED 0) 

- MESSAGE INTERRUPT PENDING (IP) 



- MESSAGE INTERRUPT ENABLE (IE) 

- MESSAGE INTERRUPT UNDER SERVICE (lUS) 



lUS, IE, AND IP ARE WRITTEN USING 
THE FOLLOWING COMMAND: 

NULL CODE 
CLEAR IP & lUS 
SET lUS 
CLEAR iUS 
SET IP 
CLEAR IP 
SET IE 
CLEAR IE 



Figure 27. Interrupt Status Registers 
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Registers (Continued) 



Interrupt Status Register 1 

Address: 0011 
(Read/Write) 

I D7 I Ds I D5 I D4 I Dj I D; [ D, I d7] 



DATA DIRECTION CHANGE INTERRUPT 
UNDER SERVICE (lUS) 

DATA DIRECTION CHANGE INTERRUPT 

ENABLE (IE) 

DATA DIRECTION CHANGE INTERRUPT 

PENDING (IP) 



NULL CODE 

CLEAR IP & lUS 

SET lUS 

CLEAR lUS 

SET IP 

CLEAR IP 

SET IE 

CLEAR IE 



J 





1 


1 


1 1 


1 


1 1 


1 1 


1 1 1 



L^ 



L,. 




1 ~0 

1 "T 

"r"o~"o 
1 1 



PATTERN MATCH FLAG* 
PATTERN MATCH INTERRUPT PENDING (IP) 

PATTERN MATCH INTERRUPT ENABLED (IE) 

PATTERN MATCH INTERRUPT 

UNDER SERVICE (lUS) 

NOT USED 

(MUST BE PROGRAMMED 0) 
lUS, IE, AND IP ARE WRITTEN USING 
THE FOLLOWING COMMAND: 

NULL CODE 
CLEAR IP & lUS 
SET lUS 
CLEAR lUS 
SET IP 
CLEAR IP 
SET IE 
CLEAR IE 



•READ-ONLY BITS 



Interrupt Status Register 2 

Address: 0100 
(Read/Write) 



Interrupt Status Register 3 

Address: 0101 
(Read/Write) 

I D7 I De } Ds I D4 I D3 I D; j D, I Dp] 



BYTE COUNT COMPARE INTERRUPT - 
UNDER SERVICE (lUS) 

BYTE COUNT COMPARE INTERRUPT - 

ENABLE (IE) 
BYTE COUNT COMPARE INTERRUPT - 
PENDING (IP) 

lUS, IE, AND IP ARE WRITTEN USING 
THE FOLLOWING COMMAND: 

NULL CODE 

CLEAR IP & lUS 

SETIUS 

CLEAR lUS 

SET IP 

CLEAR IP 

SET IE 

CLEAR IE 



I I 

I I 
T"o~ J 

T"T"o 
~o"T~ 
TT'o 
~r"o~'i 
T""T"o 



^ 



UNDERFLOW ERROR* 
ERROR INTERRUPT PENDING (ID) 
ERROR INTERRUPT ENABLED (IE) 
ERROR INTERRUPT UNDER SERVICE (lUS) 
OVERFLOW ERROR* 




1 

o~~r~o 

o"T~T 
TT 



lUS, IE, AND IP ARE WRITTEN USING 
THE FOLLOWING COMMAND: 

NULL CODE 
CLEAR IP & lUS 
SET lUS 
CLEAR tUS 
SET IP 
CLEAR IP 
SET IE 
CLEAR IE 



•READ-ONLY BITS 



FULL INTERRUPT UNDER SERVICE (tUS) 

FULL INTERRUPT ENABLE (IE) 

FULL INTERRUPT PENDING (IP) 

lUS, IE, AND IP ARE WRITTEN USING 

THE FOLLOWING COMMAND: 

NULL CODE 

CLEAR IP & lUS 

SETIUS 

CLEAR lUS 

SET IP 

CLEAR IP 

SET IE 

CLEAR IE 



J 



1 

1 

1 
1 

1 1 
1 1 


~ 



- BUFFER EMPTY* 

- EMPTY INTERRUPT PENDING (IP) 

- EMPTY INTERRUPT ENABLE (IE) 

- EMPTY INTERRUPT UNDER SERVICE (lUS) 

- BUFFER FULL* 





o""©"" 
oTl""! 

o"~r~T 

T"o""o 
~"o~~? 
i~T""o 



lUS, IE, AND IP ARE WRITTEN USING 
THE FOLLOWING COMMAND: 

NULL CODE 
CLEAR IP & lUS 
SET I US 
CLEAR lUS 
SET IP 
CLEAR IP 
SET IE 
CLEAR IE 



•READONLY BITS 



Figure 27. Interrupt Status Registers (Continued) 
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Registers (Continued) 



Byte Count Register 

Address: 01 1 1 



iD;|D,|D,|D4|P3|D2|D,|Dol 
I I I I I I I I 



REFLECTS NUMBER OF BYTES IN BUFFER 



Figure 28. Byte Count Register 



Interrupt Vector Registe 

Address: 0110 
(Read/Write) 

|D7|D,|P5lO«|D3|D2|Di|'Dn 



I I I I 



VECTOR STATUS < 



NO INTERRUPTS PENDING 

BUFFER EMPTY 

BUFFER FULL 

OVER/UNDERFLOW ERROR 

BYTE COUNT MATCH 

PATTERN MATCH 

DATA DIRECTION CHANGE 

MAILBOX MESSAGE 



± 



Pattern Match Register 

Address: 1011 
(Read/Write) 

I D, [ Dg I D, [ 04 I D3 I D2 I Di I dTI 

I I I I M I I 



Figure 30. Pattern Match Register 



Figure 29. Interrupt Vector Register 



Pattern Mask Register 

Address: 1110 
(Read/Write) 

I D, [ De I D, I D4 I D3 I D2 I D, I d7| 

I 1 I I I I I I 

IF SET, BITS 0-7 MASK BITS 0-7 

IN PATTERN MATCH REGISTER. 

MATCH OCCURS WHEN ALL 

NON-MASKED BITS AGREE. 



Figure 31. Pattern Mask Register 



Data Buffer Register 

Address: 1111 
(Read/Write) 

j D, I De I Ds I D4 1 D3 I D2 I Di I d7| 

I I I I I I I I 

CONTAINS THE BYTE TRANSFERRED 

TO OR FROM FIFO BUFFER RAM 



Byte Count Comparison Register 

Address: 1000 
(Read/Write) 



I D; I Dg I D5 I D4 I D3 I D; I D, I Dp I 

I I 

CONTAINS VALUE COMPARED TO BYTE COUNT 

REGISTER TO ISSUE INTERRUPTS ON MATCH 

(BIT 7 ALWAYS 0.) 



Figure 32. Data Buffer Register 



Figure 33. Byte Count Comparison Register 



Message Out Register 

Address: 1011 
(Read/Write) 



Message In Register 

Address: 1100 
(Read Only) 



I D7 I Dg I Ds I D4 I D3 I P2 1 Di 1 Dp I 

I I I I I I I I 

STORES MESSAGE SENT TO MESSAGE 
IN REGISTER ON OPPOSITE PORT OF FIO 



{ D, I Dg I Ds I D4 I D3 I Da I D, I Dp I 

I I I I I I I I 

STORES MESSAGE RECEIVED FROM MESSAGE 
OUT REGISTER ON OPPOSITE PORT OF CPU 



Figure 34. Message Out Register 



Figure 35. Message In Register 
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Absolute Maximum Ratings 

Voltages on all inputs and outputs 

with respect to GND -0.3 V to +7.0 V 

Operating Ambient 

Temperature 0°C to + 70°C 

Storage Temperature -65°C to + 150°C 



Stresses greater than those listed under Absolute Maxi- 
mum Ratings may cause permanent damage to the device. 
This is a stress rating only; operation of the device at any 
condition above those indicated in the operational sections 
of these specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect 
device reliability. 



Standard Test Conditions 

The characteristics below apply for the 
following standard test conditions, unless 
otherwise noted. All voltages are referenced to 
GND. Positive current flows into the refer- 
enced pin. Standard conditions are as follows: 



+ 4.75 V < Vcc ^ +5.25 V 

GND = V 

Ta as specified in Ordering Information 



^4■ 



"'t 9 



I 



FROM OUTPUT q 
UNDER TEST 



Figure 36. Standard Test Load 



Figure 37. Open-Drain Test Load 



DC Characteristics 



Symbol 


Parameter 


Min 


Max 


Unit 


Condition 


VlH 


Input High Voltage 


2.0 


Vcc + 0.3 


V 




ViL 


Input Low Voltage 


-0.3 


0.8 


V 




VOH 


Output High Voltage 


2.4 




V 


IoH= -250 /iA 


Vol 


Output Low Voltage 




0.4 


V 


IoL= +2.0 mA 








0.5 


V 


Iq^ = + 3.2 mA 


IlL 


Input Leakage 




±10.0 


M 


0.4 < VjN ^ +2.4V 


hi 


Output Leakage 




±10.0 


M 


0.4 < VouT ^ +2.4V 


^cc 


Vqq Supply Current 




250 


mA 





Vpp = 5 V ± 5% unless otherwise specified, over specified temperature range. 
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Capacitance 



Symbol 



Parameter 



Min 



Max 



Unit 



Test Condition 



■'OUT 



Input Capacitance 
Output Capacitance 
Bidirectional Capacitance 



10 


pF 


15 


pF 


20 


pF 



Unmeasured Pins 
Returned to Ground 



Inputs 



tr Any Input Rise Time 

tf Any Input Fail Time 



100 
100 



f = 1 MHz, over specified temperature range. 



Z-BUS CPU Inteface Timing 





Parameter 


Min Max 


Units Notes 


1 


TwAS 


AS Low Width 


70 


ns 


2 


TsA(AS) 


Address to AS t Setup Time 


10 


ns 1 


3 


ThA(AS) 


Address to AS t Hold Time 


50 


ns 1 


4 


TsCSO(AS) 


CS to AS t Setup Time 





ns 1 


5- 


~ThCSO(AS) — 


7=^ !.,_, "tTcT t TTr^l,-l T^mr-, 


'^n 








ns 1 


6 


TdAS(DS) 


AS t toDS t Delay 


60 


ns 1 


7 


TsA(DS) 


Address to DS i 


120 


ns 


8 


TsRWR(DS) 


R/W (Read) to DS 1 Setup Time 


100 


ns 


9 


TsRWW(DS) 


R/W (Write) to DS i Setup Time 





ns 


lo- 
ll 


Tl.r'T^'^ 


T^p T ,_,,,r TAri,-Ul-, 


'~tr\r\ 




TsDW(DSf) 


Write Data to DS i Setup Time 


30 


ns 


12 


TdDS(DRV) 


DS (Read) I to Address Data Bus Driven 





ns 


13 


TdDSf(DR) 


DS i to Read Data Valid Delay 


255 


ns 


14 


ThDW(DS) 


Write Data to DS t Hold Time 


30 


ns 


is- 


-TdDSr(DR) 


— DS t to Read Data Not Valid Delay 











le 


TdDS(DRz) 


DS t to Read Data Float Delay 


70 


ns 2 


17 


ThRW(DS) 


R^V^toDS t Hold Time 


60 


ns 


18 


TdDS(AS) 


DS t to S i Delay 


50 


ns 


19 


Trc 


Valid Access Recovery Time 


1000 


ns 3 



NOTES: 

1 . Parameter does not apply to Interrupt Acknowledge 
transactions. 

2. Float delay is measured to the time when the output has 
changed 0.5 V from steady state with minimum ac load and 
maximum dc load. 



3. This is the delay from DS of one CIO access to DS of another 
FIO access (either read or write). 
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Z-BUS CPU Inteface Timing (Continued) 



^_^/ 



^ZIX 







fUW 

WRITE 



~^ 



-<?> 



-•€^ 



-0- 



K 



/ 



k<?>*" 



-<!>- 



ADDRESS VALID 



X 



AD0-AD18 < 



FIO 
WRITE 



:::zy. 



— ® 



^t 



© — 



-<«>- 



j^ 



^<J2>| 



Ts r 



K 



f 



-%- 



k: 



♦(«>♦ 



^ 
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Z-BUS CPU Interrupt Acknowledge Timing 



Number Symbol 



Parameter 



Min Max Units Notes 



20 TsIA(AS) 

21 ThlA(AS) 

22 TdDSA(DR) 

23 TwDSA 

24 TdAS(IEO)- 

25 TdlEI(IEO) 
TsIEI(DSA) 
ThlEI(DSA) 
TdDS(INT) 
TdDCST 



INTACK to AS t Setup Time 



INTACK to AS t Hold Time 

DS (Acknowledge) i to Read Data Valid Delay 

DS (Acknowledge) Low Width 



26 
27 
28 
29 



- AS i to lEO I Delay (INTACK Cycle) - 
lEI to lEO Delay 

lEI to DS (Acknowledge) i Setup Time 
lEI to DS (Acknowledge) i Hold Time 



DS (INTACK Cycle) to INT Delay 
Interrupt Daisy Chain Settle Time 




250 

475 


ns 

ns 

360 ns 

ns 






-350 ns — 


— 4 






150 ns 


4 


100 


ns 




200 


ns 
ns 


4 



NOTES: 

4. The parameters for the devices in any particular dai^ chain 
must meet the following constraint: The delay from AS to DS 
must be greater than the sum of TdAS(IEO) for the highest 



priority peripheral, TsIEI(DSA) for the lowest priority 
peripheral, and TdlEI(IEO) for each peripheral separating them 
in the chain. 



'3( 



AD0-AD7 y UNDEFINED 



Ss 



'X 



-<^ 



A r 



-(ny- 



< 



\ 



X 



y~ i 



-<§>- 



Jf 



(n>4 



X 



-^ 



> 
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Z-BUS Interrupt Timing 



Number Symbol 



Parameter 



Min Max 



Units Notes 



30 TdMW(INT) 

31 TdDC(INT) 

32 TdPMW(INT) 

33 TdPMR(INT) 
34 TdSC(INT) — 

35 TdER(INT) 

36 TdEM(INT) 

37 TdFL(INT) 

38 TdAS(INT) 



Message Write to INT Delay 
Data Direction Change to INT Delay 
Pattern Match to iNT Delay (Write Case) 
Pattern Match (Read Case) to INT Delay 

- Status Compare to INT Delay 

Error to INT Delay 
Empty to INT Delay 
Full to iNT Delay 
AS to INT Delay 



1 



AS Cycles 5 

-fns 

AS Cycles 6 

+ ns 

AS Cycles 

+ ns 

AS Cycles 

-fns 

-AS Cycles— 6- 
+ ns 
M Cycles 

+ ns 

AS Cycles 6 

4-ns 

AS Cycles 6 

+ns 

AS Cycles 
+ ns 



NOTES: 




5. Write is from the other side of FIO. 




MESSAGE 
WRITE 


WRITE 
MESSAGE 
REGISTER 
OUT 


DATA 

DIRECTION 

CHANGE 


WRITE 
CONTROL 
REGISTER 3 


PATTERN 
MATCH * 


WRITE DATA 

BUFFER 

REGISTER 

READ DATA 
BUFFER 
^ REGISTER 


STATUS 
COMPARE 


WRITE DATA 

BUFFER 

REGISTER 


ERROR 


WRITE DATA 

BUFFER 

REGISTER 


EMPTY 


WRITE DATA 

BUFFER 

REGISTER 


FULL 


WRITE DATA 

BUFFER 

REGISTER 



6. Write can be from either side, depending on programming 
of FIO. 



^ 



^ 



-<3!>- 



7f 



-<32>- 



j: 



-<33>- 



j: 



-<u)- 



JC 



-<35)- 






-<36>- 



-<vy- 



-<3i)- 



^ 
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Z-BUS Request/Wait Timing 



Number Symbol 



Parameter 



Min Max Units Notes 



1 TdDS(WAIT) 

2 TdDSl(WAIT) 

3 TdACK(WAIT) 

4 — TdDS(REQ) 

5 TdDMA(REQ) 

6 TdDSl(REQ) 

7 TdACK(REQ) 

8 — TdSU(DMA) — 

9 TdH(DMA) 

10 TdDMA(DR) 

11 TdDMA(DRH) 

12 TdDMA(DR2) 



DS i to WAIT i Delay 



DSl I to WAIT t Delay 



ACKIN i to WAIT t Delay 
DS I to RlQ t Delay 



DMASTB 1 to REQ t Delay 
DSl t to REQ 1 Delay 



ACKIN 1 to REQ I Delay 



Data Setup Time to DMASTB - 



Pata Hold Time to DMASTB 



DMASTB I to Valid Data 



DMASTB t to Data Not Valid 



DMASTB t to Data Bus Float 



-200- 
30 



ns 
-ns- 



70 



NOTES: 

1. The delay is from DAV 1 for 3- Wire Input Handshake. The 
delay is from DAC f for 3- Wire Output Handshake. 



DS DATA 

READ/WRITE BUFFER 

■Y OTHER SIDE REGISTER 



DSl DATA 

WRITOREAD BUFFER 

BY OTHER SIDE REGISTER 



INPUT/ 

OUTPUT 

PORT 



REQ IN/OUT 



DATA DATA 

FROM BUFFER 

FIO REGISTER 



WRITE DATA 

TO BUFFER 

FIO REGISTER 




92 



ZKi38FIO 



Z-BUS Reset Timing 



Number Symbol 



Parameter 



Min Max Units Notes 



1 TdDSQ(AS) Delay from DS t to AS i for No Reset 40 

2 TdASQ(DS) Delay for AS t to DS i for No Reset 50 

3 Tw( AS + DS) Minimum Width of AS and DS Both Low for 500 

Reset 



NOTES: 

1 . Internal circuitry allows for the reset provided by the Z8 
(DS held Low while AS pulses) to be sufficient. 




Noxi-Z-BUS CPU Interface Timing 



Number Symbol 


Parameter 


Min 


Max 


Units Notes 


1 


TsA(RD) 


Address Setup to RD i 


80 




ns 1 


2 


TsA(WR) 


Address Setup to WR i 


80 




ns 


3 


ThA(RD) 


Address Hold Time to RD t 







ns 1 


4- 
5 


ThA(WR) 
TsCEI(RD) 


— Address Hold Time to WR t 

CE Low Setup Time to RD 


n 











ns 1 


6 


TsCEI(WR) 


CE Low Setup Time to WR 







ns 


7 


ThCEI(RD) 


CE Low Hold Time to RD 







ns 1 


8- 


— ThCEI(WR) — 


— CE Low Hold Time to WR 


0- 








9 


TsCEh(RD) 


CE High Setup Time to RD 


100 




ns 1 


10 


TsCEh(WR) 


CE High Setup Time to WR 


100 




ns 


11 


TwRDl 


RD Low Width 


400 




ns 


12- 


— TdRD(DRA) — 


— RD 1 to Read Data Active Delay 


0- 








13 


TdRDf(DR) 


RD i to Valid Data Delay 




300 


ns 


14 


TdRDr(DR) 


RD ! to Read Data Not Valid Delay 







ns 


15 


TdRD(DRz) 


RD ! to Data Bus Float 


-inn 


70 


ns 2 


16 


■TwWRl 


WR Low WidLli 








17 


TsDW(WR) 


Data Setup Time to WR 







ns 


18 


ThDW(WR) 


Data Hold Time to WR 







ns 


19 


Trc 


Valid Access Recovery Time 


1000 




ns 3 



NOTES: 

1 . Parameter does not apply to Interrupt Acknowledge 
transactions. 

2. Float delay is measured to the time the output has changed 
0.5 V from steady state with minimum ac load and max- 
imum dc load. 



3. This is the delay from RD f or WR t of one FIO access to 
RD i or WR i of another FIO access. 
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Non-Z-BUS CPU Interface Timing(Continued) 



D0-D7 , 

FIO READ 



D0-D7 

FIO WRITE 



X 



\ 



GV 



(2> 



<D 



(uKl ^ 



5 



\ 



^^ 



£ 



-.<15>- 



— {n) ► Cl*>-H" — ^1 

^ \ DATA VALID ~Qi. 



't 



^6^- 



^C^I |I^\^ 



X 



y^ 



Non-Z-BUS CPU Interface Timing 



-/>- 



-(l?>- 



\ 



A ^ 



T/'>- 



■\ 



Non-Z-BUS Interface Timing 
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Non-Z-BUS Interrupt Acknowledge Timing 



Number Symbol 



Parameter 



Min Max Units Notes 



20 TdlEI(IEO) 

21 Tdl(IEO) 

22 TsIEI(RDA) 

23 TdRD(DR) 
24 TwRDl(IA)- 

25 ThlA(RD) 

26 ThlEI(RD) 

27 TdRD(INT) 

28 TdDCST 



lEI to lEO Delay 



INTACK i to lEO I Delay 
lEI Setup Time to RD (Acknowledge) 
RD i to Vector Valid Delay 
- Read Low V\^idth (Interrupt Acknowledge) 



INTACK t to RD t Hold Time 

lEI Hold Time to RD t 

RD t to INT t Delay 

Interrupt Daisy Chain Settle Time 



150 




ns 


4 


350 




ns 


4 


200 




ns 


4 




300 


ns 




400- 








ns 




30 




ns 




100 




ns 
ns 





NOTES: 

4. The parameter for the devices in any particular daisy chain 
m ust m eet the following constraint: The delay from INTACK i 
to RD i must be greater than the sum of TdlNA(IEO) for the 



highest priority peripheral, TsIEI(RD) for the lowest priority 
peripheral, and TdlEI(IEO) for each peripheral separating them 
in the chain. 
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Non-Z-BUS Interrupt Timing 



Number Symbol 



Ponrameter 



Min Max Units Notes 



29 TdMW(INT) 

30 TdDC(INT) 

31 TdPMW(INT) 

32 TdPMR(INT) 
33 TdSC(INT) — 

34 TdER(INT) 

35 TdEM(INT) 

36 TdFL(INT) 

37 TdSO(INT) 



Message Write to INT Delay 
Data Direction Change to INT Delay 
Pattern Match (Write Case) to INT Delay 
Pattern Match (Read Case) to INT Delay 

- Status Compare to INT Delay 

Error to INT Delay 
Empty to INT Delay 
Full to INT Delay 
State to iNf Delay 



ns 


5,6 


ns 


5,7 


ns 


5 


ns 


5 




q 7 






ns 


5,7 


ns 


5,7 


ns 


5,7 


ns 





NOTES: 

5. Delay number is valid for State only. 

6. Write is from other side of FIO. 



7. Write can be from either side, depending on programming of 
FIO. 



MESSAGE 
WRITE 



DATA 

DIRECTION 

CHANGE 



PATTERN 
MATCH 



STATUS 
COMPARE 



WRITE 
MESSAGE 
REGISTER 
OUT 

WRITE 
CONTROL 
REGISTER 3 



WRITE DATA 

BUFFER 

REGISTER 



READ DATA 

BUFFER 

REGISTER 



WRITE DATA 

BUFFER 

REGISTER 



WRITE DATA 

BUFFER 

REGISTER 



WRITE DATA 

BUFFER 

REGISTER 



WRITE DATA 

BUFFER 

REGISTER 



J 



\- ® ^ 

• (30) .- 



-<3i>- 



/ 



-<^ 



/ 



-%- 



/ 



-^ 



/ 



-^ 



/ 



-<36>- 
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Non-Z-BUS Request/Wait Timing 



Number Symbol 



Parameter 



Min Max Units Notes 



1 TdRD(WT) 

2 TdRDl(WT) 

3 TdACK(WT) 
__4 TdRD(REQ) — 

5 TdRDl(REQ) 

6 TdACK(REQ) 

7 TdDAC(RD^ 
_8 TSU(WR) 

9 Th(WR) 

10 TdDMA 

11 TdDMA(DRH) 

12 TdDMA(DRZ) 



RD 1 to WAIT Active 



RDl i to WAIT Inactive 



ACKIN 1 to WAIT Inactive 

-RD 1 to REQ Inactive 

RDl I to REQ Active 



ACKIN i to REQ Active 



DACK i to RD 1 or WR i 
-Data Setup Time to WR — 
Data Hold Time to V\^ 
RD i to Valid Data 
RD t to Data Not Valid 
RD t to Data Bus Float 



70 



ns — 




ns 




ns 


2 


ns 


2 


ns 


2 



NOTES: 

1 . The delay is from DAV i for 3- Wire Input Handshake. The 
delay is from DAC f for 3- Wire Input Handshake. 



2. Only when DACK is active. 



RD 

READ/WRITE OF DATA 
BUFFER REGISTER 



WRITBREAD OF DATA 
BUFFER REGISTER 
BY OTHER SIDE ' 



/ 



-^J^— 1 



/ 



■^. 



DATA FROM FIO • 



\ 



® 



;' 



-ay- 



-<i>- 



-<!>- 



\ 






FIO WRITE TO DATA 
BUFFER REGISTER 



IDC 



■<iy 



-<!>- 



— »■ 

4 



k-KD 
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Non-Z-BUS Reset Timing 



Number Symbol 



Parameter 



Min Max Units 



1. TdWR(RD) Delay from WR t to RD i 100 

2. TdRD(WR) Delay from RD t to WR i 100 

3. TwRD + WR Width of RD and WR, both Low for Reset 500 




Port 2 Side Operation 



Number Symbol 



Parameter 



Min Max Units 



1. TwCLR 

2. TdOE(DO) 

3. TdOE(DRZ) 



Width of Clear to Reset FIFO 
OE i to Data Bus Driven 
OE t to Data Bus Float 



700 




ns 
ns 
ns 



f 



^ 



> 
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FIO 2- Wire Handshake Timing 



Number Symbol 



Parameter 



Min Max Units 



1 TsDI(ACK) 

2 TdACKf(RFD) 

3 TdRFDr(ACK) 

4 — TsDO(DAV) — 

5 TdDAVf(ACK) 

6 ThDO(ACK) 

7 TdACK(DAV) 

8 — ThDI(RFD) 

9 TdRFDf(ACK) 

10 TdACKr(RFD) 

1 1 TdDAVr(ACK) 

12 TdACKr(DAV) 



Data Input to ACKIN i to Setup Time 



ACKIN i to RFD i Delay 



RFD t to ACKIN i Delay 
- Data Out to DAV i Setup Time 



DAV I to ACKIN i Delay 



Data Out to ACKIN Hold Time 



ACKIN i to DAV t Delay 
-Data Input to RFD i Hold Time 



RFD i to ACKIN t Delay 



ACKIN t (DAV t ) to RFD t Delay- 
Interlocked and 3- Wire Handshake 



DAV! to ACKIN ! (RFD t) 



ACKIN t to DAV i 








ns 







ns 




25 













ns 
ns 







ns 


















ns 


ay- 
shake 





ns 







ns 







ns 



■zx 



*<i> 



^ 



X 



-<2y 



2- Wire Handshake (Port 2 Side Only) Output 




2- Wire Handshcdce (Port 2 Side Only) Input 
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3- Wire Handshake Timing 



Number Symbol 



Parameter 



Min Max Units 



1 TsDI(DAV) 

2 TdDAVIf(RFD) 

3 TdDAVf(DAC) 

4 — ThDI(DAC) 

5 TdDACIr(DAV) 

6 TdDAVIr(DAC) 

7 TdDAVIr(RFD) 

8 — TdRFDI(DAV)— 
9 TsDO(DAC) 

10 TdDAVOf(RFD) 

11 TdDAVOf(DAC) 
12 — ThDO(DAC) 

13 TdDACOr(DAV) 

14 TdDAVOr(DAC) 

15 TdDAVOr(RFD) 

16 TdRFDO(DAV) 



Data Input to DAV i Setup Time 
DAV i to RFD i Delay 
DAV i to DAC t Delay 

Data In to DAC t Hold Time 

DAC t to DAV t Delay 
DAV t to DAC 1 Delay 
DAV t to RFD t Delay 

RFD t to DAV i Delay 

Data Out to DAV i 

DAV i to RFD i Delay 

DAV i to DAC t Delay 

Data Out to DAC t Hold Time — 

DAC t to DAV t Delay 

DAV t to DAC i Delay 

DAV t to RFD t Delay 

RFD t to DAV i Delay 



ns 

ns 

ns 
-ns- 

ns 

ns 

ns 
-ns- 

ns 

ns 



ns 
ns 
ns 




3- Wire Handshake Output 
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Ordering Information 



Type 



Package 



Temp 



Clock 



Description 



538 Bl 


Plastic 40 pin 


0/ + 70°C 


B6 


Plastic 40 pin 


-40/ + 85°C 


Dl 


Ceramic 40 pin 


0/ + 70"C 


D2 


Ceramic 40 pin 


-55/+125°C 


D6 


Ceramic 40 pin 


40/f 85°C 


538 A Bl 


Plastic 40 pm 


0/ + 70"C 


B6 


Plastic 40 pm 


40/+-85°C 


Dl 


Ceramic 40 pin 


0/ + 70"C 


D6 


Ceramic 40 pin 


^40/ + 85°C 



Z8538 FIO FIFO Input/Output 
Interface Unit. 



4MHz 



6MHz 



Packages 



Plastic 



Ceramic 





0.25 I 
15.2^ , 





. 12.8 . 








r 

k „ „ . „ . 






> 






1 




1 
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Universal 

Peripheral 

Controller 



zsipuic 



Features 

■ Complete slave microcomputer, for 
distributed processing use. 

■ Unmatched power of Z8 architecture and 
instruction set. 

■ Three programmable I/O ports, two with 
optional 2- Wire Handshake. 

■ Six levels of priority interrupts from eight 
sources: six from external sources and two 
from internal sources. 

■ Two programmable 8-bit counter/timers 



each with a 6-bit prescaler. Counter/Timer 
TO is driven by an internal source, and 
Counter/Timer Tl can be driven by internal 
or external sources. Both counter/timers are 
independent of program execution. 

256-byte register file, accessible by both the 
master CPU and UPC, as allocated in the 
UPC program. 

2K bytes of on-chip ROM for efficiency and 
versatility. 



General Description 

The Z8590 Universal Peripheral Controller 
(UPC) is an intelligent peripheral controller 
for distributed processing applications (Figure 
3). The UPC unburdens the host processor by 
assuming tasks traditionally done by the host 
(or by added hardware), such as performing 
arithmetic, translating or formatting data, and 
controlling I/O devices. Based on the Z8 
microcomputer architecture and instruction 
set, the UPC contains 2K bytes of internal pro- 



gram ROM, a 256-byte register file, three 8-bit 
I/O ports, and two counter/timers. ^ 

The UPC offers fast execution time, an 
effective use of memory, and sophisticated 
interrupt, I/O, and bit manipulation. Using 
a powerful and extensive instruction set 
combined with an efficient internal 
addressing scheme, the UPC speeds 
program execution and efficiently packs 
program code into the on-chip ROM. 



DATA 
BUS 



BUS I 
TIMING 
AND RESET ' 



MASTER 

CPU 

INTERRUPT 



PCLK 
GND 



^ ^ 


DB7 
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^ ^ 
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-<— ► 
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-•— ► 
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"•"^ 
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► 


A/D 




P33 




— ^ 


RD 
WR 
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P34 
P3i 


^ 


— ► 


CS 




P36 




-^ — 


WAIT 




P27 


-•— ► 


■^ — 


INT OR P35 
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-•— ► 
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P24 
P23 
P22 
P2i 








► 














P2o 


^ 



.5VC 

PCLK[j^ ; 

lEO OR P37[] : 

lEI OR P3o[^ . 
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RD^ 

WR[^ i 

A/D[^ ! 

CSQ 

gnd[^ 

WAIT [^ 
DB7Q 
DB6[; 
DB5[^ 

DB4[;; 

DB3[^ 
DB2^ 
DBi [^ 
DBo^ 



Z8590 
UPC 



U P3i 

3p36 

JP27 

JP26 
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JP1. 
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Figure 1. Z8590 UPC Logic Functions 



Figure 2. Z8590 UPC Pin Configuration 
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General Description (Continued) 

An important feature of the UPC is an inter- 
nal register file containing I/O port and con- 
trol registers accessed both by the UPC pro- 
gram and indirectly by its associated master 
CPU. This architecture results in both byte 
and programming efficiency, because UPC 
instructions can operate directly on I/O data 
without moving it to and from an accumulator. 
Such a structure allows the user to allocate as 
many general purpose registers as the applica- 
tion requires for data buffers between the CPU 
and peripheral devices. All general-purpose 
registers can be used as address pointers, 
index registers, data buffers, or stack space. 

The register file is logically divided into 16 
groups, each consisting of 16 working 
registers. A Register Pointer is used in con- 
junction with short format instructions, 
resulting in tight, fast code and easy task 
switching. 

Communication between the master CPU 



and the register file takes place via one group 
of 19 interface registers addressed directly by 
both the master CPU and the UPC, or via a 
block trarisfer mechanism. Access by the 
master CPU is controlled by the UPC to allow 
independence between the master CPU and 
UPC software. 

The UPC has 24 pins that can be dedicated 
to I/O functions. Grouped logically into three 
8-line ports, they can be programmed in many 
combinations of input or output lines, with or 
without handshake, and with push-pull or 
open-drain outputs. Ports 1 and 2 are bit- 
programmable; Port 3 has four fixed inputs 
and four outputs. 

To relieve software from coping with real- 
time counting and timing problems, the UPC 
has two 8-bit hardware counter/timers, each 
with a fixed divide-by-four, and a 6-bit pro- 
grammable prescaler. Various counting modes 
may be selected. 
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Figure 3. Functional Block Diagram 
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General Description (Continued) 

In addition to the 40-pin standard configura- 
tion, the UPC is available in four special con- 
figurations: 

■ A 64-pin RAM development version with 
external interface for up to 4K bytes of RAM 
and 36 bytes of internal ROM permitting 
down-loading from the master CPU. 

■ A Protopack RAM version with a socket for 
up to 2K bytes of RAM, with 36 bytes of 

internal ROM permitting down-loading from 
the master CPU. 



■ A 64-pin ROM development version with 
external interface for up to 4K bytes of ROM 
and no internal ROM. 

■ A Protopack ROM version with a socket for 
2K bytes of ROM and no internal ROM. 

This range of versions and configurations 
makes the UPC compatible with most system 
peripheral device control considerations. 



Pin Description 

A/D. Address/Data (input). A Low on this pin 
defines information on the data bus as an 
address. A High defines the information 
as data. 

CS. Chip Select (input, active Low). A Low 
enables the UPC to accept address or data 
information from the master CPU during a 
write cycle or to transmit data to the master 
CPU during a read cycle. This line is usually 
generated from higher bits of the address 
lines. 

DB0-DB7. Data Bus (bidirectional). This bus is 
used to transfer address and data information 
between the master CPU and the UPC. 

Plo-Pl?' P2o-P27, P3o-P37. I/O Port Lines 
(bidirectional, TTL compatible). These 24 lines 
are divided into three 8-bit I/O ports and may 
be configured in the following ways under pro- 
gram control: 

PI0-PI7. Port 1 (input/output — as output it can 
be push-pull or open-drain). Bit-programmable 
Parallel I/O. 

P2o-P27. Port 2 (input/output — as output, it can 



be push-pull or open-drain). Bit-programmable 
Parallel I/O. 

P3o-P37. Port 3 (four inputs, four outputs). 
Parallel I/O, handshake control, timer I/O, or 
interrupt control. 

PCLK. Clock (input). TTL-compatible clock 
input, 4 MHz maximum. This signal does not 
need to be related to the master CPU clock. 

RD. Head (inpui, active Low). A Low enables 
the master CPU to read information from the 
UPC. Raising the voltage on this pin above 
Vdd will force the UPC into test mode. 

WAIT. Wait (output, active Low, open-drain). 
When the CPU accesses the UPC register file, 
this signal requests the master CPU to wait 
until the UPC can complete its part of the 
transaction. 

WR. Write (input, active Low). A Low on this 
pin enables the master CPU to write informa- 
tion to t he UPC. A simultaneous Low on RD 
and W R res ets the UPC. It is held in reset as 
long as WR is Low. 



Functional Description 

Address Space. On the 40-pin UPC, all 
address space is committed to on-chip 
memory. There are 2048 bytes of mask- 
programmed ROM and 256 bytes of register 



file. I/O is memory-mapped to three registers 
in the register file. Only the Protopack and 
64-pin versions of the UPC can access external 
program memory. See the section entitled 
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Functional Description (Continued) 

''Special Configurations" for complete descrip- 
tions of the Protopack and 64-pin versions. 
Program Memory. Figure 4 is a map of the 2K 
on-chip program ROM. Even though the archi- 
tecture allows addresses from to 4K, behav- 
ior of the device above program address 2047 
(7FFH) is not defined. The first 12 bytes of pro- 
gram memory are reserved for the UPC 
interrupt vectors. For the Protopack and 64-pin 



LOCATION OF 
FIRST BYTE OF 
INSTRUCTION 
EXECUTED AFTER 
RESET 



USER 
ROM 


12 >^ 


11 IRQ5 LOWER BYTE 


10 


IRQ5 UPPER BYTE 
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IRQ4 LOWER BYTE 
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IRQ4 UPPER BYTE 


7 


IRQ3 LOWER BYTE 


6 


IRQ3 UPPER BYTE 
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IRQ2 LOWER BYTE 


4 


IRQ2 UPPER BYTE 


3 


IRQ1 LOWER BYTE 


2 


IRQ1 UPPER BYTE 


1 IRQO LOWER BYTE | 





IRQO UPPER BYTE | 



Figure 4. Program Memory Map 
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FLAGS 
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IRQ 
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P3M 
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PREO 
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Figure 5. Register File Organization 



versions, the address space is extended to 4096 
bytes. In the RAM versions, addresses OCH 
through 2FH are reserved for on-chip ROM. 

Register File. This 256-byte file includes three 
I/O port registers (1-3H), 234 general-purpose 
registers (6-EEH), and 19 control, status and 
special I/O registers (OH, 4H, 5H, and 
FO-FFH). The functions and mnemonics 
assigned to these register address locations 
are shown in Figure 5. Of the 256 UPC 
registers, 19 can be directly accessed by the 
master CPU; the others are accessed indirectly 
via the block transfer mechanism. 

The I/O port and control registers are 
included in the register file without differen- 
tiation. This allows any UPC instruction to 
process I/O or control information, thereby 
eliminating the need for special I/O and con- 
trol instructions. All general-purpose registers 
can function as accumulators, address 
pointers, or index registers. In instruction exe- 



cution, the registers are read when they are 
defined as sources and written when defined as 
destinations. 

UPC instructions may access registers 
directly or indirectly using an 8-bit address 
mode or a 4-bit address mode and a Register 
Pointer. For the 4-bit addressing mode, the file 
is divided into 16 working register groups, 
each occupying 16 contiguous locations 
(Figure 6). The Register Pointer (RP) addresses 
the starting point of the active working-register 
group, and the 4-bit register designator sup- 
plied by the instruction specifies the register 
within the group. Any instruction altering the 
contents of the register file can also alter the 
Register Pointer. The UPC instruction set has a 
special Set Register Pointer (SRP) instruction 
for initializing or altering the pointer contents. 
Stacks. An 8-bit Stack Pointer (SP), register 
R255, is used for addressing the stack, 
residing within the 234 general-purpose 
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Functional Description (Continued) 



THE 4BIT REGISTER 

POINTER PROVIDES THE 

UPPER NIBBLE OF THE 

REGISTER FILE ADDRESS 

FOR THE 4BIT ADDRESS 

MODE. 
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9FH 
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6FH I INSTRUCTION. 

60H ^ 

5FH 

50H 

4FH 

40H 

3FH 

30H 

2FH 

20H 

1FH 

10H 

OFH 



Figure 6. Register Pointer Mechanism 



registers, address location 6H through EFH. 
PUSH and POP instructions can save and 
restore any register in the register file on the 
stack. During CALL instructions, the Program 
Counter is automatically saved on the stack. 
During UPC interrupt cycles, the Program 
Counter and the Flag register are automati- 
cally saved on the stack. The RET and IRET 
instructions pop the saved values of the Pro- 
gram Counter and Flag register. 

Ports. The UPC has 24 lines dedicated to 
input and output. These are grouped into three 
ports of eight lines each and can be con- 
figured under software control as inputs, out- 
puts, or special control signals. They can be 
programmed to provide Parallel I/O with or 
without handshake and timing signals. All out- 
puts can have active pullups and pulldowns, 
compatible with TTL loads. In addition, they 
may be configured as open-drain outputs. 

Port 1. Individual bits of Port I can be con- 
figured as input or output by programming 



Port 1 Mode register (PIM) F8H. This port is 
accessed by the UPC program as general 
register IH. It is written by specifying address 
IH as the destination of any instruction used to 
store data in the output register. The port is 
read by specifying address IH as the source of 
an instruction. 

Port 1 may be placed under handshake con- 
trol by programming Port 3 Mode register 
(P3M) F7H. This configures Port 3 pins P 33 
and P34 as handshake control lines DAV i and 
RDYi for input handshake, or RDYi and DAVi 
for output handshake, as determined by the 
direction (input or output) assigned to bit 7 of 
Port 1 . The Port 3 Mode register also has a bit 
that programs Port 1 for open-drain output. 

Port 2. Individual bits of Port 2 can be con- 
figured as inputs or outputs by programming 
Port 2 Mode register (P2M) F6H. This port is 
accessed by the UPC program as general 
register 2H, and its functions and methods of 
programming are the same as those of Port I . 
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Functional Description (Continued) 

Port 3 pins P3i and PSe are the handshake 
hnes DAV2 and RDY2, with the direction (input 
or output) determined by the state of bit 7 of 
the port. The Port 3 Mode register also has a 
bit used to program Port 2 for open-drain 
output. 

Port 3. This port can be configured as I/O or 
control lines by programming the Port 3 Mode 
register. Port 3 is accessed as general register 
3H. The directions of the eight data lines are 
fixed. Four lines, P3o through P33, are inputs, 
and the other four, P34 through P37, are out- 
puts. The control functions performed by Port 
3 are listed in Table 1 . 

Counter/Timers. The UPC contains two 8-bit 
programmable counter/timers, each driven by 
an internal 6-bit programmable prescaler. 

The Tl prescaler can be driven by internal 
or external clock sources. The TO prescaler is 
driven by an internal clock source. Both 
counter/timers operate independently of the 
processor instruction sequence to relieve the 
program from time-critical operations like 
event counting or elapsed-time calculation. TO 
Prescaler register (PREO) F5H and Tl Pre- 
scaler register (PREl) F3H can be programmed 
to divide the input frequency of the source 
being counted by any num-ber from 1 to 64. A 



Function 


Line 


Direction 


Signal 


Handshake 


f P3i 
P33 
P34 

, P36 


In 
In 
Out 
Out 


DAV2/RDY2 
DAVi/RDYi 
RDYi/DAVi 
RDY2/DAV2 


UPC Interrupt 
Request* 


f P3o 
- P3i 

. P33 


In 
In 
In 


IRQ3 
IRQ2 
IRQi 


Counter/Timer 


/ P3i 
\ P36 


In 
Out 


T7N 
Tout 


Master CPU 


f P35 
P32 
P3o 

. P37 


Out 
In 
In 
Out 


INT 

INTACK 
lEI 
lEO 


Test Mode 


P35 


Out 


A/D 



*P3q, PS], and P33 can always be used as UPC interrupt 
request inputs, regardless of the configuration 
programmed. 

Table 1. Port 3 Control Functions 



counter register (F2H or F4H) is loaded with a 
number from 1 to 256. The corresponding 
counter is decremented from this number each 
time the prescaler reaches end-of-count. When 
the count is complete, the counter issues a 
timer interrupt request; IRQ4 for TO or IRQ5 
for Tl. Loading either counter with a number 
(n) results in the interruption of the UPC at the 
nth count. 

The counters can be started, stopped, 
restarted to continue, or restarted from the ini- 
tial value. They can be programmed to stop 
upon reaching end-of-count (Single-Pass 
mode) or to automatically reload the initial 
value and continue counting (Modulo,-n Con- 
tinuous mode). The counters and prescalers 
can be read at any time without disturbing 
their values or changing their counts. The 
clock sources for both timers can be defined as 
any one of the following: 

■ UPC internal clock (4 MHz maximum) 
divided by four, 

■ External clock input to Counter/Timer Tl 
via P3i (1 MHz maximum). 

■ Retriggerable trigger input for the UPC 
internal clock divided by four. 

■ Nonretriggerable trigger input for the UPC 
internal clock divided by four. 

■ External gate input for the UPC internal 
clock divided by four. 

Interrupts. The UPC allows six interrupts from 
eight different sources as follows: 

■ Port 3 lines PSq, P32, and P33. 

■ The master CPU(3). 

■ ' The two counter/timers. 

These interrupts can be masked and globally 
enabled or disabled using Interrupt Mask 
Register (IMR) FBH. Interrupt Priority Register 
(IPR) F9H specifies the order of their priority. 
All UPC interrupts are vectored. 

Table 2 lists the UPC's interrupt sources, 
their types, and their vector locations in pro- 
gram ROM. Interrupt Request IRQe is 
dedicated to master CPU communications. 
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Functional Description (Continued) 



Name 



Source 



Vector 
Location 



Comments 



IRQo 


EOM, XERR, LERR 


0,1 


IRQi 


DAVj, IRQi 


2,3 


IRQ2 


DAV2, IRQ2, Tin 


4,5 


IRQ3 


IRQ3, lEI 


6,7 


IRQ4 


TO 


8,9 


IRQ5 


Tl 


10,1 



Internal (RO Bits 0, 1,2) 
External (P33) 1 Edge Triggered 
External (PSj) i Edge Triggered 
External (PSq) ^ Edge Triggered 
Internal 
Internal 



Table 2. Interrupt Types, Sources, and Vector Locations 



Interrupt Requests IRQ], IRQ2; and IRQ3 are 
generated on the falling transitions of external 
inputs P33, P3i, and PSq. Interrupt Requests 
IRQ4 and IRQ5 are generated upon the timeout 
of the UPC's two counter/timers. When an 
interrupt request is granted, the UPC enters an 
interrupt machine cycle. This cycle disables all 
subsequent interrupts, saves the Program 
Counter and Status Flags, and branches to the 
program memory vector location reserved for 
that interrupt. This memory location and the 
next byte contain the 16-bit address of the 
interrupt service routine for that particular 
interrupt request. 

The UPC also supports polled systems. To 
accommodate a polled structure, any or all of 
the interrupt inputs can be masked and the 
Interrupt Request register polled to determine 
which of the interrupt requests needs service. 

Following any hardware reset operation, an 
EI instruction must be executed to enable the 
setting of any interrupt request bit in the 
IRQ register. Interrupts must be disabled prior 
to changing the content of either the IPR 
(F9H) or the IMR (FBH). DI is the only instruc- 
tion that should be used to globally disable 
interrupts. 

Master CPU Register File Access. There are 
two ways in which the master CPU can access 
the UPC register file: direct access and block 
access. 

Direct Access. Three UPC registers — the Data 
Transfer Control (OH), the Master Interrupt 
Vector (FOH), and the Master Interrupt Control 



(FEH) — are mapped directly into the master 
CPU address space. The master CPU accesses 
these registers via the addresses shown in 
Table 3. 



UPC Address 






Decimal 


Hex 


Identifier 


Address 





OH 


DTC 


XXX 11000 


5 


5H 


DIND 




@5** 


@5H** 




xxxlllll 


240 


FOH 


MIV 


XXX 10000 


254 


FEH 


MIC 


xxxlIllO 


*n 




DSCO 


xxxOOOOO 


n+1 




DSCl 


xxxOOOOl 


n -f 2 




DSC2 


xxxOOOlO 


n + 3 




DSC3 


xxxOOOIl 


n + 4 




DSC4 


xxxOOlOO 


n + 5 




DSC5 


xxxOOlOl 


n + 6 




DSC6 


xxxOOllO 


n + 7 




DSC7 


xxxOOlll 


n + 8 




DSC8 


xxxOlOOO 


n + 9 




DSC9 


xxxOlOOl 


n+10 




DSCA 


xxxOlOlO 


n+ 11 




DSCB 


xxxOlOll 


n+12 




DSCC 


xxxOllOO 


n+13 




DSCD 


xxxOllOl 


n+14 




DSCE 


xxxOlllO 


n+15 




DSCF 


xxxOllll 


X = don't care 








*n is the value 


in the IRP X 


16 




* 'Master CPU 


accesses the 


register address 


m Register 5. 



Table 3. Master CPU/UPC Register Map 
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Functional Description (Continued) 

The master CPU also has direct access to 16 
registers known as the DSC (Data, Status, 
Command) registers. The DSC registers are 
numbered through F (DSCO-DSCF). These 
registers can be any 16 contiguous register file 
registers beginning on a 16-byte boundary. 
The base address of the DSC register group is 
designated by the IRP (I/O Register Pointer), 
which is bits D4-D7 of the Data Transfer Con- 
trol register (OH). Figure 7 shows how the 
register address is made up of the 4-bit IRP 
field, concatenated with the low order 4-bits of 
the address from the master CPU. 

Block Access. The master CPU may transmit 
or receive blocks of data via address xxxl 1111. 
When the master CPU accesses this address, 
the UPC register pointed to by the Data 
Indirection register is read or written. The 
Data Indirection register is incremented, and 
the Limit Count register is decremented, for 
example, when the master CPU issues a read 
or write to address xxxl 1111 while the Data 
Indirection register contains the value 33H. 
The operation causes register 33H to be read 
or written and the Data Indirection register to 
be incremented to 34H. This scheme is well 
suited to Block I/O Instructions and allows the 
master CPU to efficiently read or write a block 
of data to or from the UPC. 

The Limit Count register (04H) is 
decremented and is used to control the 
number of bytes to be transferred by master 
CPU block accesses. If the master CPU 
attempts a read or write to the UPC after the 
Limit Count register reaches 0, the access is 



not completed, the LERR bit (D2) of the Data 
Transfer Control register is set (indicating a 
limit error), and the LERR error causes an 
IRQo interrupt request. 

The IRP field of the Data Transfer Control 
register, the Data Indirection register, and the 
Limit Count register are not directly accessible 
to the master CPU and therefore must be set 
by the UPC. This allows the UPC to protect 
itself from master CPU errors and frees the 
master CPU from tracking the UPC's internal 
data layout. 



p, ; De I Dj D4 D3 i Dj I D, i Dq 



ADDRESS FROM CPU 


[A;' Ae As' A4' A3 A2 A, Ao| 












- 





R5 R4 R3 R2 Rt 



Figure 7. DSC Register Addressing Scheme 



Special Configurations 

There are two piggyback and two 64-pin ver- 
sions of the UPC. These versions are iden- 
tical to the 40-pin UPC with the following 
exceptions: 

■ Internal ROM is totally omitted from the 
64-pin development (Z8591) and piggyback 
ROM (Z8593) versions. 



All but 36 bytes of internal ROM are omitted 
from the 64-pin RAM (Z8592) and piggyback 
(RAM) (Z8594) versions. 

The memory address and data lines are buf- 
fered and brought out to external pins or to 
the socket on the piggyback. 
Control lines for the external memory are 
also provided. 
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Special Configurations (Continued) 

The 64-pin version of the UPC allows the 
user to prototype the system in hardware with 
an actual UPC device and to develop the code 
intended to be mask programmed into the 
on-chip ROM of the 40-pin UPC for the pro- 
duction system. The 64-pin or piggyback RAM 
versions of the UPC are extremely versatile 
parts. Memory space can be extended to 4K 
bytes on the 64-pin version by using external 
RAM/ROM for all but 36 bytes of the UPC's 
memory space. This memory can then be 
down-loaded from the master CPU using a 
bootstrap program stored in the 36 bytes 
(C-2F). Figure 8 is a memory map for the 
64-pin RAM version. 



D0-D7. Program Data (input). Data is read in 
from the external memory on these lines. The 
RAM version also writes external memory 
through this bus. 

lACK. Interrupt Acknowledge (output, active 
High). This signal is active whenever an inter- 
nal UPC interrupt cycle is in process. 

MAS. Memory Address Strobe (output, active 
Low). This address strobe is pulsed once for 
each memory fetch to interface with quasi- 
static RAM. 

MDS. Memory Data Strobe (output, active 
Low). This signal is Low during an instruction 
fetch or memory write. 



PROGRAM MEMORY 



BOOTSTRAP ROM 



EXTERNAL 
RAM 



INTERNAL 
ROM 



EXTERNAL 
RAM 



Figure 8. UPC RAM Version Memory Map 



64-Pin and Piggyback Pin Functions. Forty of 
the pins on the 64-pin and piggyback versions 
have functions identical to those of the 40-pin 
version. The remaining 24 pins have additional 
functions described below. (Figures 9 through 
1 1 show the 64-pin and piggyback versions' pin 
functions and pin assignments.) 

Ao-Aii. Program Memory Address Lines (out- 
put). These lines are identical in all 64-pin and 
RAM versions in the piggyback. They are used 
to address 4K bytes of external UPC memory. 



DATA 
BUS 



BUS I 

TIMING < 

AND RESET 1 



INTERRUPT 



EXTERNAL 
DATA 



EXTERNAL 
CONTROL 



DBr 
DBe 
DB5 
DB4 
DB3 
OB2 



_ Z8591 
WR Z8592 
CS UPC 

WATT 

JNT OR P35 

INTACK OR P32 P2i 



P22 



lEI OR P3o 

lEO OR P37 

Do 
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D2 

D3 



De 

D7 

SYNC 

lACK OR MR/W 
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P2o 



> PORT 1 



EXT 
ADD. 



Figure 9. Z8591/Z8592 UPC Logic Functions 
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Special Configurations (Continued) 

MR/W. Memory Bead/Write (output RAM ver- 
sions only). This signal is High when the UPC 
is fetching an instruction and Low when it is 
loading external memory. 



SYNC. Instruction Sync (output, active Low). 
This signal is Low during the clock cycle just 
preceding an opcode fetch. 
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DB5 


15 C 


DB4 


16 L 


DB3 


i^L 


DB2 


18L 


DBi 


19 C 


DBo 


20 l: 



Z8593 

Z8594 

UPC 



3 40 P3i 
339 P36 
J 38 P27 
]37 P26 
J 36 P25 
]35 P24 
J|34 P23 
]]33 P22 
J 32 P2i 
J 31 P2o 
J 30 P33 
J 29 P34 
J 28 PI7 
J 27 Pl6 
J 26 PI5 
J 25 PI4 
]24 PI3 
J 23 PI2 
J 22 PI1 
J 21 PI0 



♦SOCKET FOR 2716 EPROM (2K > 



Figure 10. Z8591/Z8592 UPC Pin Configuration 



Figure 11. Z8593/Z8594 UPC Piggyback 

EPROM/RAM Pin Configuration 



Addressing Modes 

The following notation is used to describe the 
addressing modes and instruction operations as 
shown in the instruction summary. 

R Register or working-register address 

r Working-register address only 

IR Indirect- register or indirect working-register 

address 
Ir Indirect working-register address only 



RR 


Register pair or working-register pair address 


IRR 


Indirect register pair or indirect working-register 




pair address 


Irr 


Indirect working-register pair only 


X 


Indexed address 


DA 


Direct address 


RA 


Relative address 


IM 


Immediate 
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Additional Symbols 

dst Destination location or contents 

arc Source location or contents 

cc Condition code (see list) 

@ Indirect address prefix 

SP Stack Pointer (control register FFH) 

PC Program Counter 

FLAGS Flag register (control register FCH) 

RP Register Pointer (control register FDH) 

IMR Interrupt Mask register (control register FBH) 



Assignment of a value is indicated by the symbol 
"*-". For example, 

dst *- dst + src 
indicates that the source data is added to the 
destination data and the result is stored in the 
destination location. The notation ''addr(n)" is used 
to refer to bit "n" of a given location. For example, 

dst (7) 
refers to bit 7 of the destination operand. 



Flags 

Control Register FCH contains the following six 
flags: 



c 


Carry flag 


z 


Zero flag 


s 


Sign flag 


V 


Overflow flag 


D 


Decimal-adjust flag 


H 


Half-carry flag 



Affected flags are indicated by: 

Cleared to zero 

1 Set to one 

* Set or cleared according to operation 

— Unaffected 

X Undefined 



Condition Codes 



Value 


Mnemonic 


Meaning 






Flags Set 


1000 




Always true 









0111 


C 


Carry 




C 


= 1 


nil 


NC 


No carry 




C 


= 


Olio 


Z 


Zero 




z 


= 1 


1110 


NZ 


Not zero 




z 


= 


1101 


PL 


Plus 




s 


= 


0101 


MI 


Minus 




s 


= 1 


0100 


OV 


Overflow 




V 


= 1 


1100 


NOV 


No overflow 




V 


= 


Olio 


EQ 


Equal 




z 


= 1 


1110 


NE 


Not equal 




z 


- 


1001 


GE 


Greater than or equal 




(S XOR V) - 


0001 


LT 


Less than 




(S XOR V) = 1 


1010 


GT 


Greater than 




[Z OR (S XOR V)) - 


0010 


LE 


Less than or equal 




[Z OR (S XOR V)] = 1 


nil 


UGE 


Unsigned greater than 


or equal 


C 


= 


0111 


ULT 


Unsigned less than 




C 


= 1 


1011 


UGT 


Unsigned greater than 




(C 


= AND Z = 0) - 1 


0011 


ULE 


Unsigned less than or e 


qual 


(C OR Z) = 1 


0000 




Never true 




— 
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Instruction Formats 



I dst I OPC I INCr 

One-Byte Instructions 



OPC MODE 



OR [1 1 1 o| dst I 



CLR, CPL, DA, DEC, 
DECW, INC, INCW, POP, 
PUSH, RL, RLC, RR, 
RRC, SRA, SWAP 

JP, CALL (Indirect) 



OPC 


MODE 


dst 


src 



ADC, ADD, AND, 
CP, OR, SBC, SUB, 
TCM, TM, XOR 



OPC I MODE 



OPC I modF 



MODE I OPC 



1110 


src 


1110 


dst 



OR |1 1 1 0| dst 



ADC, add, and, CP, 
LD, OR, SBC, SUB, 
TCM, TM, XOR 



ADC, ADD, AND, CP, 
LD, OR, SBC, SUB, 
TCM, TM, XOR 



1110 


src 


1110 


dst 



MODE 


OPC 


dst/src 


src/dst 



dst/src I OPC 



OR |1 1 1 0| src 



dst/CC I OPC 



MODE 


OPC 


dst/src 


X 


ADDRESS 



I OPC 



Two-Byte Instructions 



Three-Byte Instructions 
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Opcode Map 



Lower Nibble (Hex) 



6,5 


6,5 


6,5 


6,5 


10,5 


10,5 


10,5 


10,5 


6,5 


.„ 
6,5 


1210,5 


12/10,0 


6,5 


12/10,0 


6,5 




DEC 


DEC 


ADD 


ADD 


ADD 


ADD 


ADD 


ADD 


LD 


LD 


DINZ 


IR 


LD 


IP 


INC 




Ri 


IRi 


n, r2 


ri,Ir2 


R2,Ri 


IR2,Ri 


Ri,IM 


IRi,IM 


n,R2 


r2,Rl 


ri,RA 


ccRA 


ri,IM 


cc,DA 






6,5 


6,5 


6,5 


6,5 


10,5 


10,5 


10,5 


10,5 
































RLC 


RLC 


ADC 


ADC 


ADC 


ADC 


ADC 


ADC 
































Ri 


IRi 


n, r2 


ri,Ir2 


R2,Ri 


IR2,Ri 


Ri,IM 


IRi,IM 
































6,5 


6,5 


6,5 


6,5 


10,5 


10,5 


10,5 


10,5 




INC 


INC 


SUB 


SUB 


SUB 


SUB 


SUB 


SUB 
































Ri 


IRi 


ri,r2 


ri,Ir2 


R2,Ri 


IR2,Ri 


Ri,IM 


IRi,IM 
































8,0 


6,1 


6,5 


6,5 


10,5 


10,5 


10,5 


10,5 




IP 


SEP 


SBC 


SBC 


SBC 


SBC 


SBC 


SBC 
































IRRi 


IM 


n, rj 


ri,Ir2 


R2,Ri 


IR2,Ri 


Ri,IM 


IRi,IM 
































8,5 


8,5 


6,5 


6,5 


10,5 


10,5 


10,5 


10,5 




DA 


DA 


OR 


OR 


OR 


OR 


OR 


OR 
































Ri 


IRi 


ri, r2 


H,Ir2 


R2,Ri 


IR2,Ri 


Ri,IM 


IRi,IM 
































10,5 


10,5 


6,5 


6,5 


10,5 


10,5 


10,5 


10,5 




POP 


POP 


AND 


AND 


AND 


AND 


AND 


AND 
































Ri 


IRi 


n, 12 


ri,Ir2 


R2,Ri 


IR2,Ri 


Rl,IM 


IRi,IM 
































6,5 


6,5 


6,5 


6,5 


10,5 


10,5 


10,5 


10,5 




COM 


COM 


TCM 


TCM 


TCM 


TCM 


TCM 


TCM 
































Ri 


IRi 


n, 12 


ri,Ir2 


R2,Ri 


IR2,Rj 


Ri,IM 


IRi,IM 
































10/12, 1 


12/14,1 


6,5 


6,5 


10,5 


10,5 


10,5 


10,5 




PUSH 


PUSH 


TM 


TM 


TM 


TM 


TM 


TM 
































R2 


IR2 


ri, 12 


ri,Ir2 


R2,Ri 


IR2,Ri 


Ri,IM 


IRi,IM 
































10,5 


10,5 


12,0 


18,0 












DECW 

RRi 


DECW 

IRi 


LDE 

ri,Irrj 


LDEI 






































DI 


6,5 


6,5 


12,0 


18,0 










6,1 
EI 


RL 


RL 


LDE 


LDEI 






































Ri 


IRi 


r2,Irri 


Ir2,Irri 






































10,5 


10,5 


6,5 


6,5 


10,5 


10,5 


10,5 


10.5 


14,0 
RET 


INCW 


INCW 


CP 


CP 


CP 


CP 


CP 


CP 






























RRi 


IRi 


tl,I2 


ri,Ir2 


R2,Ri 


IR2,Ri 


Ri,IM 


IRi,IM 






























6,5 


6,5 


6,5 


6,5 


10,5 


10,5 


10,5 


10,5 


16 


CLR 


CLR 


XOR 


XOR 


XOR 


XOR 


XOR 


XOR 






























IRET 


Ri 


IRi 


ri,r2 


ri,Ir2 


R2,Ri 


IR2,Ri 


Ri,IM 


IRi,tM 
































6,5 


6,5 


12,0 


18,0 








10,5 




RRC 


RRC 


LDC 


LDCI 








LD 






























RCF 


Ri 


IRi 


ri, Irr2 


Iri,Irr2 








ri,x,R2 






























6,5 


6,5 


12,0 


18,0 


20,0 




20,0 


10,5 


6,5 
SCF 


SRA 


SRA 


LDC 


LDCI 


CALL* 




CALL 


LD 






























Ri 


IRi 


r2,Irn 


Ir2,Irri 


IRRi 




DA 


12, X, Ri 






























6,5 


6,5 




6,5 


10,5 


10,5 


10,5 


10,5 


6,5 
CCF 


RR 


RR 




LD 


LD 


LD 


LD 


LD 






























Ri 


IRi 




ri,Ir2 


R2,Ri 


IR2,Ri 


Ri,IM 


lRi,IM 






























6,7 


6,7 




6,5 




10,5 






6,0 
NOP 


SWAP 


SWAP 




LD 




LD 


































Ri 


IRi 




Iri,r2 




R2,IRi 




















|r 






^ 


r 


1 





Bytes per 
Instruction 



Opcode 
Nibble 



Execution 
Cycles ,^ 



Upper 
Opcode - 
Nibble 



First 
Operand 



Pipeline 
Cycles 



Second 
Operand 



Legend: 

R = 8-Bit Address 
r =- 4-Bit Address 
Ri or ri = Dst Address 
R2 or r2 = Src Address 

Sequence: 

Opcode, First Operand, Second Operand 

Note: The blank areas are not defined. 



*2-byte instruction; fetch cycle appears 
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Instruction Summary 



Instruction Addr Mode Opcode Flags Affected 
and Operation j_, .?_y*® 



dst 



src (Hex) C Z S V D H 



ADC dst,src 

dst - dst + src + C 


(Note I) 


in 




* * * 


ADD dst, arc 
dst — dst + src 


(Note 1) 


OD 


* * 


* * * 


AND dst, src 

dst - dst AND src 


(Note 1) 


SD 


— * 


* - - 


CALL dst DA 

SP ^- SP - 2 IRR 
@SP-PC; PC>-dst 


D6 
D4 


- - 





CCF 

C ^ NOT C 




EF 








CLR dst 

dst *- 


R 
IR 


BO 
Bl 










COM dst 

dst ^ NOT dst 


R 
IR 


60 
61 




* - - 


CP dst, src 
dst - src 


(Note 1) 


AD 


* * 


* * - - 


DA dst 

dst - DA dst 


R 
IR 


40 

41 




* X - - 


DEC dst 

dst - dst - 1 


R 
IR 


00 
01 


— * 


* * — — 


DECW dst 

dst - dst - 1 


RR 
IR 


80 
81 


— * 


* * — — 


DI 

IMR (7) - 




8F 











DJNZ r,dst 

r ^ r - 1 
if r :^ 

PC ^ PC + dst 
Range: +127, -128 



RA 



rA 
= 0-F 



EI 

IMR (7) - 1 



9F 



INC dst 

dst - dst 4- 1 



R 
IR 



rE 

= 0-F 
20 
21 



INCW dst RR 

dst - dst + 1 IR 


AO 

Al 


-***-- 


IRET 

FLAGS - @ SP; SP ^ SP + 1 
PC*-@SP; SP^SP + 2; IMR (7) 


BF 
*- 1 




JP ccdst DA 
if cc is true 
PC - dst IRR 


cD 

c = 0-F 

30 





JR ccdst 
if cc is true, 

PC - PC + dst 
Ranae: +127.-128 



RA 



cB 
= 0-F 



Instruction Addr Mode Opcode Flags Affected 

and Operation , , ^Y** ^ 

^ dst src (Hex) C Z S V D H 

LD dst, src 
dst -^ src 







syte 


dst 


src 


(Hex) 


r 


IM 


rC 


r 


R 


r8 


R 


r 


r9 

r = 0-F 


r 


X 


C7 


X 


r 


D7 


r 


Ir 


E3 


Ir 


r 


F3 


R 


R 


E4 


R 


IR 


E5 


R 


IM 


E6 


IR 


IM 


E7 


IR 


R 


F5 



LDC dst, src 
dst — src 


r 
Irr 


Irr 
r 


C2 
D2 










LDCI dst, src 

dst ^ src 

r — r + 1 ; rr — rr + 


Ir 
Irr 
1 


Irr 
Ir 


C3 
D3 










LDE dst, src 
dst — src 


r 
Irr 


Irr 
r 


82 
92 










LDEI dst, src 

dst — src 

r — r + 1 ; rr *- rr + 


Ir 
Irr 

1 


Irr 
Ir 


83 
93 










NOP 






FF 










OR dst, src 

dst - dst OR src 


(Note 1) 


4D 


- * 


* - - 


POP dst 

dst - @ SP 
SP ^ SP + 1 


R 
IR 




50 
51 










PUSH src 

SP-SP-1; @SP- 


src 


R 

IR 


70 
7V 










RCF 

C ^ 






CF 


- 





RET 


+ 2 




AF 






PC ^ @ SP; SP - SP 








R 
IR 




90 
91 


* * 




M-ds. gj^^] 


* t -^ - 




R 
IR 




10 
11 


* * 




BLC ds. c^:^ 






R 
IR 




EO 
El 


* * 




"Rdst L^Loz^ 






R 
IR 




CO 

CI 


* * 




««c dst c^:^^ 




SBC dst, src 

dst - dst - src - C 


(Note 1) 


3n 


* * 


* * 1 * 


SCF 






DF 


2 




C ^ 1 







SRA dst 



^^"[^ 



DO 
DJ 
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Instruction Summary (Continued) 



Instruction 
and Operation 


Addr Mode 
dst src 


Opcode 
Byte 

(Hex) 


Flags Affected 
C Z S V D H 


SRP src 

RP ^ src 


Im 


31 




SUB dst,src 
dst — dst - src 


(Note 1) 


2n 


* * * * 1 * 


SWAP dst pr^-^ 


-^ IR 


FO 
Fl 


X * * X - - 


I :t 




TCM dst, src 
(NOT dst) AND src 


(Note 1) 


6L] 


_ * * - - 


TM dst, src 
dst AND src 


(Note 1) 


7L"J 


- * * - - 


XOR dst, src 

dst - dst XOR src 


(Note 1) 


BC 


_ * * - - 



Note 1 

Ttiese instructions have an identical set of addressing 
modes, whK;h are encoded for brevity. The first opcode 
nibble is found in the instruction set table above. The 
second nibble is expressed symbolically by a L in this 
table, and its value is found in the following table to the 
left of the applicable addressing mode pair. 

For example, to determine the opcode of an ADC 
instruction using the addressing modes r (destination) and 
If (source) is 13, 



Addr Mode 



R R 

R IR 

R IM 

IR IM 



Lower 
Opcode Nibble 



Registers 



R248 PIM 
Port 1 Mode Register 

UPC register address (Hex): F8 



PI0-PI7 I/O DEFINITION 

- DEFINES BIT AS OUTPUT 

1 DEFINES BIT AS INPUT 



R246 P2M 
Port 2 Mode Register 

UPC i^egister address (Hex): F6 



P20-P27 I/O DEFINITION 

- DEFINES BIT AS OUTPUT 

1 DEFINES BIT AS INPUT 



R247 P3M 
Port 3 Mode Register 

UPC register address (Hex): F7 



[ D7 ! De j D5 j D4 j D3 j D; I D, I Dp I 



I PORT 2 PULL-UPS OPEN DRAIN 
1 PORT 2 PULL-UPS ACTIVE 



P35 = OUTPUT 

1 P35 = INT 
- RESERVED 

. P33 = INPUT P34 = OUTPUT 

1 P33 = bAV1/RDY1 P34 = RDY1/DAVi 



Figure 12. Port Mode Registers 



117 



Z8590UPC 



Registers (Continued) 

R251 IMR 
Interrupt Mask Register 

UPC register address (Hex): FB 



R250 IRQ 
Interrupt Request Register 

UPC register address (Hex): FA 



j Ds ! D4 j D3 I 



1 ENABLES IRQO 

1 ENABLES IRQ1 

1 ENABLES IRQ2 

1 ENABLES IRQ3 

1 ENABLES mQ4 

1 ENABLES IRQ5 

RESERVED 

1 ENABLES INTERRUPTS 



De j D5 [D4'[D3|D2 j Pi [dT] 



L 



IRQO = MASTER CPU COMMUNICATIONS 

IRQ1 = P33 INPUT 

IRQ2 = P3i INPUT 

IRQ3 = P3o INPUT 

IR04 = To 

IRQ5 = Ti 

RESERVED 



R249 IPR 
Interrupt Priority Register 

UPC register address (Hex): F9 (Write Only) 



I D; I De j Ds ! D^ 



M 



IRQI, IRQ4 PRIORITY (GROUP C) 

IRQ1 > IRQ4 
1 = IRQ4 > IRQ1 

IRQO, IRQ2 PRIORITY (GROUP B) 

- = mQ2 > IRQO 
1 = IRQ0>IRQ2 

IRQ3, IRQ5 PRIORITY (GROUP A) 

- = IRQ5 > IRQ3 
1 = IRQ3>IRQ5 



Figure 13. Interrupt Control Registers 



R254 MIC 
Master CPU Interrupt Control Register 

UPC register address (Hex): FE 



D4 ! D3 ! D2 i D, I D(, 



I END OF MESSAGE 



R240 MIV 
Master CPU Interrupt Vector Register 

UPC register address (Hex): FO 



j Dj I De 1 D5 I D4 D3 I 



■ VECTOR DATA (Do = LSB) 



Figure 14. Master CPU Interrupt Registers 
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Registers (Continued) 



R252 FLAGS 
Flag Register 

UPC register address (Hex): FC 



DJ De Ds D J D3 dJ D, Do 



- USER FLAG F1 

- USER FLAG F2 

- HALF CARRY FLAG 

- DECIMAL ADJUST FLAG 

- OVERFLOW FLAG 

- SIGN FLAG 

- ZERO FLAG 

- CARRY FLAG 



R253 RP 
Register Pointer 

UPC register address (Hex): FD 

I D J Dg I D5 I D J D3 I D2 I D, [Dq J 



REGISTER POINTER - 
(r4-r7) 



- DON'T CARE 



R255 SP 
Stack Pointer 

UPC register address (Hex): FF 

I D7 I Dfi I D5 I D4 [ D3 I D2 I Di I Dp I 



STACK POINTER 
■ (SP0-SP7) 



Figure 15. UPC Control Registers 



RODTC 
Data Transfer Control Register 

UPC register address (Hex): 00 



I D, [ Ds [ D5 I D4 I D3 I D; [ D, [ d7| 



|(EOM) - 

1 END OF MESSAGE 



- 1 I/O REGISTER POINTER 



R4LC 
Limit Count Register 

UPC register address (Hex): 04 

I D7 I Ds I D5 I D4 I D3 I D; I Di [ Dp I 



LIMIT COUNT VALUE 
- (RANGE: 0-255 DECIMAL 
00-FF HEX) 



R5 DIND 
Data Indirection Register 

UPC register address (Hex): 05 

| D, | D, | D, | D4|D3[D. | D, J Do | 



Figure 16. Master CPU-UPC Data Transfer Registers 
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Registers (Continued) 



R241 TMR 
Timer Mode Register 

UPC register address (Hex): Fl 



R243 PREl 
Prescaler 1 Register 

UPC register address (Hex): F3 



EH 



Tout MODES 
RESERVED 
To OUT 
Ti OUT 
INTERNAL CLOCK OUT = 11 

Tin modes 

EXTERNAL CLOCK 

INPUT = 00 

GATE INPUT = 01 " 

TRIGGER INPUT = 10 

(NON-RETRIGGERABLE) 

TRIGGER INPUT = 11 

(RETRIGGERABLE) 



)DES 
= 00 
= 01 1 



KH 







L. 

1 



1 
1 





EH 



COUNT MODE 

- = Ti SINGLE PASS 
1 = Ti MODULO • N 

CLOCK SOURCE 
_ = EXTERNAL TIMING INPUT 
(Tin) MODE 
1 = Ti INTERNAL 

PRESCALER MODULO 

- (RANGE: 1-64 DECIMAL 
01-00 HEX) 



R242 TI 
Counter/ Timer 1 Register 

UPC register address (Hex): F2 



«l"^l°-l°3| 



R244 TO 
Counter/ Timer Register 

UPC register address (Hex): F4 

[d^ [ De [ D5 I D4 I D3 I D; [ D, I Dp j 



Ti INITIAL VALUE 
- (RANGE: 1-256 DECIMAL 
01-00 HEX) 



To INITIAL VALUE 
- (RANGE: 1-256 DECIMAL 
01-00 HEX) 



R245 PREO 
Prescaler Register 

UPC register address (Hex): F5 



EM 



.JO 



^R^ 



COUNT MODE 
- = To SINGLE-PASS 
1 = To MODULO • N 



PRESCALER MODULO 
- (RANGE: 1-64 DECIMAL 
01-00 HEX) 



Figure 17. UPC Counter/Timer Registers 
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Registers (Continued) 



Control Register 



D7 De D5 D4 D3 D2 Di Do 



Comments 



OOh 

Data Transfer 


Control Register 


X 


X 


X 


X 











Disable data transfer 
from master CPU 




04h 

Limit Count Register 








Not Defined 












05h 

Data Indirect 


ion Register 








Not Defined 












FOh 

Interrupt Vector Register 








Not Defined 












FlH 

Timer Mode 

























Stops TO and Tl 




F2h 

TO Register 










Not Defined 












F3h 

TO Prescaler 




X 


X 


X 


X X 


X 








Single-Pass mode 




F4h 

Tl Register 










Not Defined 












F5h 

Tl Prescaler 




X 


X 


X 


X X 


X 








Single-Pass mode 

External clock source 




F6h 

Port 2 Mode 




1 


I 


1 


1 1 


1 


1 


1 


Port 2 lines defined as 
inputs 





F7h 

Port 3 Mode 



0X100 



Port 1 , 2 open drain; 

P35 = INT; P3o, PSj, P32, 
P33 defined as input; P34, 
P3g, P37 defined as output. 



F8h 

Port 1 Mode 


1 1 


1 1 1 


1 


1 1 


Port 1 lines defined as 
inputs 


F9h 

Interrupt Priority 




Not Defined 








FAh 

Interrupt Request 


X X 











Reset Interrupt Request 


FBh 
Interrupt Mask 


X 


XXX 


X 


X X 


Interrupts disabled 


FCh 

Flag Register 




Not Defined 








FDh 

Register Pointer 




Not Defined 








FEh 

Master CPU Interrupt 

Control Register 














Master CPU interrupt dis- 
abled; wait enable when 
write; lower chain enabled 


FFh 

Stack Pointer 




Not Defined 








NOTE; X means not defined. 


Table 4. 


Control Register 


Reset Conditions 
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Absolute Maximum Rating 

Voltages on all pins (except Vgg) 

with respect to GND -0.5V to +7.0 V 

Operating Ambient 

Temperature 0°Cto +70°C 

Storage Temperature -65°C to + 150°C 



Stresses greater than those hsted under Absolute Maxi- 
mum Ratings may cause permanent damage to the device. 
This is a stress rating only; operation of the device at any 
condition above those indicated in the operational sections 
of these specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect 
device reliability. 



Standard Test Conditions 

The characteristics below apply for the 
following standard test conditions, unless 
otherwise noted. All voltages are referenced to 
GND. Positive current flows into the reference 
pin. Standard conditions are as follows: 



+ 4.75 V < Vcc ^ +5.25 V 
Vss = GND - V 
0°C < T„ < +70°C 



+1h 



50 pF Az 



^ 



I- 






Figure 18. Test Load 1 



Figure 19. Test Load 2 



DC Characteristics 



Symbol 



Parameter 



Min Max Unit 



Condition 



Notes 



VCH 


Clock Input High Voltage 


2.4 


Vcc 


V 


VCL 


Clock Input Low Voltage 


-0.3 


0.8 


V 


VlH 


Input High Voltage 


2.0 


Vcc 


V 


ViL 


Input Low Voltage 


-0.3 


0.8 


V 


VOH 


Output High Voltage 


2.4 




V 


Vol 


Output Low Voltage 




0.4 


V 


IlL 


Input Leakage 


-10 


10 


/.A 


loL 


Output Leakage 


-10 


10 


HA 


Ice 


Vcc Supply Current 




180 


mA 



loH = -250 ^A 

loL = +2.0 mA 

< ViN < +5.25 V 

< ViN < +5.25 V 



1. For Aq-Ah and D0-D7, MDS, SYNC, MAS, and MR/W/IACK on the 64-pin versions. Iqh = ^00 nA and Iql = 1-0 mA. 
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Z8590UPC 



Master CPU Interface Timing 



Number Symbol 



Parameter 



Min (ns) Max (ns) Notes* 



1 TrC 

2 TwCh 

3 TfC 

4 TwCl 

5 TpC 

6 — TsA/D(WR)- 

7 TsA/D(RD) 

8 ThA/D(WR) 

9 ThA/D(RD) 
10 TsCSf(WR) 
11— TsCSf(RD)- 

12 TsCSr(WR) 

13 TsCSr(RD) 

14 ThCS(WR) 

15 ThCS(RD) 

16 — TsDI(WR) — 

17 Tw(WR) 

18 Tw(RD) 

19 ThWR(DI) 

20 TdRD(DI) 

21 — ThRD(DI) — 

TdRD(DIz) 

TdRD(DBA) 

TdWR(W) 

TdRD(W) 

TdDl(W) 



22 
23 
24 
25 
26 



Clock Rise Time 
Clock High Width 
Clock Fall Time 
Clock Low Width 
Clock Period 

- A/D to WR I Setup Time 

A/D to RD 1 Setup Time 

A/D to WR I Hold Time 
A/D to RD I Hold Time 
CS i toWR I SetupTime 

- CS i to RD i Setup Time 

CS r to WR 1 Setup Time 

CS r to RD i Setup Time 
CS to WR 1 Hold Time 
CS to RD i Hold Time 

■ Data in to WR i Setup Time 

WR Low Width 

RD Low Width 

Data in to WR t Hold Time 

Data Valid from RD i Delay 

■ Data Valid to RD t Hold Time — 
Data Bus Float Delay from RD t 
RD 1 to Read Data Active Delay 



WR I to WAIT 1 Delay 



105 

105 

250 

-80- 



30 

30 



— 0- 
60 
60 




— 0- 
390 
390 





20 
1855 

20 
1855 
2000 



RD i to WAIT 1 Delay 



70 



150 
150 



Data Valid to WAIT I Delay 



NOTES 

1 . This parameter is dependent on the state of the UPC at the time 

of master CPU access, 
d. The timing characteristics given reference 2.0 V as High and 

0.8 V as Low. 



4. All output ac parameters use test load 1. 

* Timings are preliminary and subject to change. 
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Z8590 UPC 



Interrupt Acknowledge Transactions 



Number Symbol 



Parameter 



Min (ns) Max (xis) Notes* 



INTACK i to RD i Setup Time 
RD i to Vector Valid Delay 



27 TsACK(RD) 

28 TdRD(DI) 

29 ThRD(ACK) 

30 ThlEI(RD) 
31— TwRDl 

32 TdlEI(IEO) 

33 TsIEI(RD) 

34 TdACKf(IEO) 

35 TdACKr(IEO) INTACK t to lEO t Delay 



RD t to INTACK t Hold Time 

lEI to RD i Hold Time 

RD (Acknowledge) Low Width - 

lEI to lEO Delay 

lEI to RD 1 Setup Time 



INTACK i to lEO 1 Delay 



90 


100 
-255- 

150 



255 



120 

250 
250 



NOTES: 

2. In case where daisy chain is not used. 

3. The timing characteristics given reference 2.0 V as High and 
0.8 V as Low. 



4. All output ac parameters use test load 1. 
*Timings are preliminary and subject to change. 



Master CPU Interface Timing 



a>-^ 



-(?/- 






X 



\ 



X 



(§> 



K 



^^~-/ 



\ 



T// ^ DATA IN VALID | I. 



^-~^Z 



\®^ 



X 



I 



/ 
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Interrupt Acknowledge Timig 



A 



K 



K<^7>- 



^2)^1 



® 



-A34>- 



X 



li 



A 



f 



--(^ 



X 



Handshake Timing 



Number Symbol 



Parameter 



Min (ns) Max (ns) Notes* 



TsDI(DA) 
ThDA(DI) 
TwDA 

TdDAL(RY) 

TdDAH(RY) 

TdDO(DA) 
TdRY(DA) 



Data In Setup Time 

Data In Hold Time 

Data Available Width 

Data Available Low to 1 
Delay Time 

Data Available High to Ready- 
Delay Time 

Data Out to Data Available 
Delay Time 

Ready to Data Available Delay Time 










ZOU 

175 




1,2 


20 


175 


1,2 







2,3 




150 


1,2 







2,3 


50 




2 



205 



1. Input Handshake. 

2. Test Load 1 . 



3. Output Handshake. 

*Timings are preUminary and subject to change. 



Reset Timing 



Number Symbol 



Parameter 



Min (ns) Max (ns) Notes* 



1 TdRDQ(WR) Delay from RD t to WR i for No Reset 

2 TdWRQ(RD) Delay from WR 1 to RD i for No Reset 

3 TwRES Minimum Width of WR and RD both Low 

for Reset 



40 

50 

250 



4. Internal reset signal is V2 to 2 clock delays from external reset 
condition. 



*Timings are preliminary and subject to change. 
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RAM Version Program Memory Timing 



Number Symbol 



Parameter 



Min (ns) Max (ns) Notes* 



1 


TwMAS 


2 


TdA(MAS) 


3 


TdMR/W 




(MAS) 


4 


TdMDS(A) 


5 


TdMDS 




(MR/W) 


6 


Tw(MDS) 


7 


TdDO(MDS) 


8 


TdMDS(DO) 


9 


Tw(MDS) 


10 


TdMDS(Dl) 


11 


TdMAS(Dl) 


12 


ThMDS(DI) 


13 


TwSY 


14 


TdSY(MDS) 


15 


TwI 



Memory Address Strobe Width 

Address Valid to Memory Address Strobe 1 Delay 

Memory Read/Write to Memory Address Strobe 1 
Delay 

Memory Data Strobe 1 to Address Change Delay 

Memory Data Strobe t to Memory Read/Write Not 
Valid Delay 

Memory Data Strobe Width (Write Case) 

Data Out Valid to Memory Data Strobe i Delay 

Memory Data Strobe t to Data Out Change Delay 

Memory Data Strobe Width (Read Case) 

Memiory Data Strobe i to Data In Valid Delay 

Memory Address Strobe i to Data In Valid Delay 

Memory Data Strobe I to Data In Hold Time 

Instruction Sync Out Width 

Instruction Sync Out to Memory Data Strobe Delay 

Interrupt Reguest via Port 3 Input Width 



60 
30 
30 

60 



160 




6 


30 




5 


30 
230 




5 
6 




160 


7 




280 


7 









160 






100 







NOTES: 

5. Delay times are specified for an input clock frequency of 

4 MHz. When operating at a lower frequency, the increase m 
input clock period must be added to the specified delay time. 

6. Data strobe width is specified for an input clock frequency of 
4 MHz. When operating at a lower frequency, the increase in 
three input clock periods must be added to the specified width. 
Data strobe width varies according to the instruction being 
executed. 



7. Address strobe and data strobe to data in valid delay times 
represent memory system access times and are given for a 
4 MHz input frequency. 

8. All timing references assume 2.0 V for a logic "1" and 0.8 V 
for a logic "0." 

9. All output ac parameters use tesi load 2. 
'Timings are preliminary and subject to change. 



Handshake Timing 



3C 



DATA IN VALID 



DAV 

INPUT 



RDY 

OUTPUT 



^ 



K 



r!!~ 



n 



<^ 



/ POF 



Input Handshake 
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Z8590UPC 



Handshake Timing (Continued) 



OAV 

OUTPUT 



RDY 

INPUT 



X 



DATA OUT VALID 



-<L>-| 



t 



-<^ 



-<^ 



f 



Reset Timing 



Output Handshake 






RD 



} 



"*~\ 



RAM Version Program Memory Timing 



MR/W 

(RAM VERSION 
ONLY) 
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Ordering Information 


Type 


Package 


Temp 


Clock 


Description 


Z8590 Bl 
B6 
Dl 
D2 
D6 


Plastic 40 pin 
Plastic 40 pin 
Ceramic 40 pin 
Ceramic 40 pin 
Ceramic 40 pin 


0/ + 70°C ) 
-40/ + 85°C 1 

0/ + 70°C > 
-55/+125°C V 

-40/ + 85°C ; 


4MHz 


Z8590 Universal Peripheral 
Controller 


Z8590A Bl 
B6 
Dl 
D6 


Plastic 40 pin 
Plastic 40 pin 
Ceramic 40 pin 
Ceramic 40 pin 


0/ + 70°C ) 
-40/ + 85°C f 

0/ + 70°C ( 
-40/ + 85°C ) 


6MHz 




Z8591 Ql 
Z8591A Ql 


QUIP 64 
QUIP 64 


0/ + 70°C I 
0/ + 70°C ) 


4MHz 
6MHz 


External ROM 
UPC 


Z8592 Ql 
Z8592A Ql 


QUIP 64 
QUIP 64 


0/ + 70°C ,1 
0/ + 70°C ', 


4MHz 
6MHz 


External RAM 
UPC 


Z8593 Rl 
Z8593A RL 


PDP 
PDP 


0/ + 70°C ,' 
0/ + 70°C , 


4MHz 
6MHz 


Piggyback EPROM 
UPC 


Z8594 Rl 
Z8594A Rl 


PDP 
PDP 


0/ + 70°C ) 
0/ + 70°C ) 


4MHz 
6MHz 


Piggyback EPROM 
UPC 
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Packages 



Plastic 



Ceramic 




Ll5.20-16.68j 



J 



" I . - ' ^8.26 _ , ^ '^ " 1 m_^__J 





51.30^^' 








^. 1M_ ._^ 














i 






op 






;^"..;...;.vsr' 



Quip 64 



PDP 
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SGS-ATES GROUP OF COMPANIES 



INTERNATIONAL HEADQUARTERS 

SGS-ATES Componenti Elettronici SpA 
Via C. Olivetti 2 - 20041 Agrate Brianza - Italy 
Tel.: 039 - 65551 
Telex: 330131 - 330141 

BENELUX 

SGS-ATES Componenti Elettronici SpA 
Benelux Sales Office: 
B- 1180 Bruxelles 

Winston Churchill Avenue, 122 
Tel.: 02 - 3432439 
Telex: 24149 B 

BRAZIL 

Sales Office: 
05413 Sao Paulo 

Av. Henrique Schaumann Z86 - CJ33 
Tel.: 11 - 647245 
Telex: 11-21650 

DENMARK 

SGS-ATES Scandinavia AB 
Sales Office: 
2730 Herlev 

Herlev Torv, 4 
Tel.: 02 - 948533 
Telex; 35411 

EASTERN EUROPE 

SGS-ATES Componenti Elettronici SpA 

Export Sales Office: 

20041 Agrate Brianza - Italy 

Via C. Olivetti, 2 

Tel.: 039 - 6555287/6555207 

Telex: 330131-330141 

FRANCE 

SGS-ATES France S.A. 
75643 Paris Cedex 13 

Residence «Le Palatino» 
17, Avenue de Choisy 
Tel.: 01 - 5842730 
Telex: 042 - 250938 

HONG KONG 

SGS-ATES Singapore (Pte) Ltd. 

9th Floor, Block N, 

Kaiser Estate, Phase III, 

11 Hok Yuen St., 

Hung Horn, Kowloon 

Tel.: 3-644251/5 

Telex: 63906 ESGIE HX 



ITALY 

SGS-ATES Componenti Elettronici SpA 

Direzione Commerciale Italia 

20149 Milano 

Via Correggio, 1/3 

Tel.: 02-4695651 

Sales Offices: 

40128 Bologna 

Via Corticella, 231 

Tel.: 051-326684 

00199 Roma 

Piazza Gondar, 11 

Tel.: 06-8392848/8312777 

SINGAPORE 

SGS-ATES Singapore (Pte) Ltd. 
Singapore 1231 

Lorong 4 & 6 - Tea Payoh 

Tel.: 2531411 

Telex; ESGIES RS 21412 

SWEDEN 

SGS-ATES Scandinavia AB 
19500 Mdrsta 

Bristagatan 16, 
Tel.: 0760 - 40120 
Telex: 042 - 10932 

SWITZERLAND 

SGS-ATES AG 

Swiss Sales Offices 

6340 Baar 

Oberneuhofstrasse, 2 

Tel.: 042 - 315955 

Telex: 864915 

1218 Grand-Saconnex (Geneve) 

Chemin Frangois-Lehmann 22 

Tel.: 022 - 986462/3 

Telex: 28895 

UNITED KINGDOM 

SGS-ATES (United Kingdom) Ltd 
Aylesbury. Bucks 

Planar House, Walton Street 
Tel.: 0296 - 5977 
Telex: 041 - 83245 



U.S.A. 

SGS-ATES Semiconductor Corporation 

Phoenix, AZ 85022 

1000 East Bell Road 

Tel.: (602) 867-6100 

Telex: SGSPH UR 249976 

Sales Offices; 

Austin. TX 78757 

7113 Burnet Road 

Suite 201 

Tel.; (512) 458-9182 

Dallas. TX 75248 

16970, Dallas North Parkway 

Suite 702 

Tel.: (214) 733-1515 

Telex: SGS-ATES DAL 79-5509 

Hauppauge. NY 11788 

330 Motor Parkway 

Suite 100 

Tel.: (516) 453-1050 

Indianapolis. IND 46141 

2346 S. Lynhurst Drive 

Suite E-207 

Tel.: (317) 241-1116 

Santa Clara. CA 95051 

2700 Augustine Drive 

Suite 209 

Tel.: (408) 727-3404 

Telex; SGS-ATES SNTA 34-6402 

Schaunburg. IL 60196 

600 North Meacham Road 

Tel.: (312) 490-1890 

Telex; SGS CGP DSP 28-2547 

Waltham. MA 02154 

240 Bear Hill Road 

Tel.; (617) 890-6688 

Telex; SGS-ATES WHA 92-3495 

Woodland Hills. CA 91367 

6355 Topanga Canyon Boulevard 

Suite 220 

Tel.: (213) 716-6600 

Telex: SGS-WDHL 18-2863 

WEST GERMANY 

SGS-ATES Deutschland Halbleiter 

Bauelemente GmbH 

8018 Grafing bei Miinchen 

Haidling, 17 

Tel.: 08092-690 

Telex: 05 27378 

Sales Offices; 

3012 Langenhagen 

Hubertusst'rasse, 7 

Tel.: 0511 - 772075/7 

Telex: 09 23195 

8000 Miinchen 90 

Tegernseer Landstr., 146 

Tel.: 089 - 6925100 

Telex: 05 215784 

8500 Nurnberg 30 

Ostendstr., 204 

Tel.: 0911 - 572977/78/79 

Telex: 0626243 

7000 Stuttgart 80 

Kalifenweg, 45 

Tel.; 0711 - 713091/2 

Telex: 07 255545 
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